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NOTES ON THE SAMPLING AND ANALYSIS OF COAL. 


By Arno C. FIELDNER. 


INTRODUCTION. 


The following notes on the sampling and analysis of coal apply 
particularly to coal in place in a mine or outcrop and are intended to 
supplement information already published by the United States Geo- 
logical Survey and the Bureau of Mines. For information regarding 
the sampling of coal deliveries the reader is referred to a recent report 
of the bureau.* 

The publication of this paper is believed to be justified by the wide 
interest in the sampling and analysis of coal, the progress made in 
laboratory methods, and the bearing of the results obtained on 
various problems connected with the efficient utilization of coal 
under the steam boiler or in the gas producer. 


COLLECTION OF SAMPLES. 


METHOD OF COLLECTING MINE SAMPLES FOLLOWED BY BUREAU 
OF MINES. 


The following method of collecting mine samples is practiced by the 
Bureau of Mines:? 

Having selected a representative face of the bed to be sampled, 
the collector clears the surface of burned powder, dirt, or loose coal 
from roof to floor for a width of about 5 feet. Insecure pieces of the 
roof are also taken down. This is done to prevent any loose frag- 
ments or foreign matter from falling off the face of the coal onto the 
sampling cloth. In the middle of this cleared area on the face the 
coal is cut away with the pick from the roof to the floor for a width of 
1 foot and a depth of at least 1 inch, with a view to removing any dis- 
colored, altered, or otherwise inferior coal that might be near the sur- 
face, and also to square up this part of the face in preparation of the 
sampling cut. The floor is then cleaned and smoothed, and a stout 


« Pope, G. S., Sampling coal deliveries, and types of Government specifications for the purchase of 
coal, 1912, 63 pp. 
& See Holmes, J. A., The sampling of coal in the mine; Technical l’aper 1, Bureau of Mines, 1911, pp. 7-10. 
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8 THE SAMPLING AND ANALYSIS OF COAL. 


waterproof sampling cloth measuring 6 by 7 feet is spread with one 
edge next to the coal. 

A gross sample weighing at least 6 pounds for each foot of the 
thickness of the bed is then obtained by making a perpendicular cut 
2 inches deep and 6 inches wide (or 3 inches deep and 4 inches wide 
in the softer coals) from the roof to the floor down the middle of the 
foot-wide cut previously made in the coal face. The impurities of 
bone, ‘‘slate,” shale, pyrite, etc., are included or rejected according 
as these impurities are included or rejected in the ordinary operation 
of the mine. Usually partings more than three-eighths of an inch 
thick, and lenses or concretions of ‘‘sulphur” or other impurities 
more than 2 inches in maximum diameter and one-half inch thick 
are excluded, if in the judgment of the sampler they are being excluded 
by the miner from the coal as loaded out of the mine or as shipped. 

As soon as the cutting of the sample has been completed, it is 
crushed until all the material passes through a one-half inch screen. 
Any impurities, such as ‘‘slate”’ (shale) or pyrite, are crushed to a 
one-fourth inch diameter or finer. The gross sample is then thor- 
oughly mixed by two men grasping the opposite corners of the sam- 
pling cloth and rolling the cloth diagonally by raising one corner at a 
time. The pile is then flattened at the top and quartered, the two 
opposite quarters being discarded and brushed off the sampling cloth. 
The remainder is mixed as before, and if the sample is still too bulky 
for convenient handling it is again quartered. The material finally 
remaining is spread into a circular mass about 2 inches deep on the 
sheet, and a galvanized-iron sample can of about 3-pounds capacity 
is filled compactly with parts taken from various parts of the mass. 

As soon as the can has been filled and a descriptive label placed 
inside, the cap is screwed on so that the top of the screw fits tightly 
into the rubber or other flexible material in the cap; adhesive tape 
is then carefully wrapped around the lower outer edge of the cap 
in such a manner as to cover the joint and increase the thoroughness 
of the sealing. 

The entire operation described above, from the cutting of the 
sample to the sealing of the can, is done in the mine, so the coal may 
not be exposed to the outside atmosphere and thus lose moisture. 


METHOD OF COLLECTING MINE SAMPLES FOLLOWED BY THE 
UNITED STATES GEOLOGICAL SURVEY. 


The method of sampling prescribed by the United States Geological 
Survey is essentially the same as that used by the Bureau of Mines, 
except that in sampling outcrops and prospect holes the geologist can 
not undertake to reject or include impurities as a miner might. The 
sample includes all partings or binders less than three-eighths of an 
inch thick and all concretions or “sulphur balls” having a maximum 
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diameter of less than 2 inches and a thickness of less then one-half 
inch. All other impurities in the coal bed are excluded from the 
sample. Many of the survey’s samples are collected from outcrops, 
prospects, and undeveloped mines; hence an arbitrary and uniform 
system of rejecting impurities has to be followed. 


ACCURACY OF BUREAU’S METHOD OF COLLECTING MINE SAMPLES. 
IMPURITIES MUST BE PROPERLY CRUSHED, 


In the method of collecting mine samples described above, the gross 
sample cut from the face is crushed to pass a }-inch screen, then 
mixed and quartered until a 3-pound sample is obtained for mailing 
to the laboratory. It is recognized that any free impurities that are 
to be included in the sample must be crushed much finer; otherwise 
material errors may be incurred, due to the relatively large proportion 
that one or more pieces of these impurities would be of the 3-pound 
sample. For instance, a half-inch cube of pyrite weighs 0.022 
pound and produces on burning 0.0143 pound of ash, or an amount 
equivalent to 0.48 per cent of the 3-pound sample. The inclusion or 
exclusion of three pieces of pyrite of this size would vary the ash 
content of the 3-pound sample 1.44 per cent. Hence the necessity of 
crushing all such impurities to a one-fourth inch diameter, as small as 
is practicable with a portable apparatus, in order that they may be 
more uniformly distributed throughout the sample during the process 
of quartering the gross sample to obtain a 3-pound sample. 

A quarter-inch cube of pyrite weighs 0.0028 pound and produces 
on combustion 0.0018 pound of ash, which is 0.06 per cent of the 
3-pound sample. In quartering a sample a deviation of 15 pieces of 
pyrite of this size from the true proportion would vary the ash content 
of the 3-pound sample 0.90 per cent. The probability of a variation 
of more than 15 pieces from the proper proportion in reducing 
carefully mixed mine samples seems remote. 

Crushing the lumps of clean coal to a one-fourth or one-eighth 
inch diameter is unnecessary and may result in appreciable loss of 
moisture. < 


PERTINENT DATA ON PAST SAMPLING. 


In Table 1 following are given some data indicating the accuracy 
of the bureau’s method of reducing mine samples to a 3-pound size 
for mailing to the laboratory. 

47547°—14—2 
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TABLE 1.—Results of analyses of duplicate mine samples from the same sections of different 
coal beds.2 


Moisture in coal as) ash in dry coal. | Sulphur in dry coal. 


pe le | ence. i ence. 
P.ct.| P. ct. P.ct.| P. ct. 
Mine (No. 1) near Dan- 8.91] 9.02) O11] 3.32] 3.38 0.06 
ville Vermilion 11.47 | 11.36 -ll| 4.65] 4.05 - 60 
County; Ill.; bed No. 6. 10.19 | 10.19] .00] 3.99] 3.72 27 
9.81 | 10.63] .82] 2.64] 271 07 
9.34/ 9.44] .10] 1.95] 2.06 ll 
Mine ce 2) near West- 9.73 | 9.88 obs), BQ) Br 04 
fon County, 10. 22 | 10.03 19] 219] 2.32 13 
DIL; bed No. 6.......... 8.35 | 10.26 | 61.91] 1.78] 3.20] d1.51 
10.19 | 10.20] 01} 3.45] 3.43 02 
° 61] 10.07] .46 2. 37 | 2.66 29 
49] 11.45] .04] 235] 2.47 12 
Deine (Hie) siete Gocees- 13.20! 1295] [25] 220/ 232] 103 
County, I: bed Noe 13.73 | 14.42] .69] 288] 3.05 17 
ounty, Ml; Gs 12.81 | 12.94] .13] 251] 2.61 10 
11.51] 11.21] .30] 3.66] 3.52 14 
10. 60 | 10. 60 00} 4.23] 4.01 22 

Mine (No. 4) near Dan- 11.11] 10.94] 17] 4.21] 3.85 36 
ville, Vermilion 10.39 | 10.05 -34] 3.55] 3.27 2B 
County, Ill.; bed No. 7. 10.59} 11.20] .61] 3.59] 3.23 36 

9.88| 9.87] .01] 3.38] 3.49 ae 61 
10, 88 10.65]  .03 8.7 3. 56 21 
11.18] 11.51] .33] 255] 2.68 13 

Mise ING Syaeee PRES 10.58 | 11.27] 160] 243| 267] 24 

Counts TIL: bed N 23 13.04] 13.08] .04] 3.04] 3.21 <7 
OULY tile Qs i 60 | 11.95 35 | 2.67] 2.85 18 
. 2.75 | 12.23 52| 2.88] 3.09 21 

Lr Shan] ge, Bch 11.52] 11.65] :13| 2:53] 280] [36 

ie bed N 6 OUnLY:s 10.03] 10.21; 18} 270] 2.94 wy) 
% Qe Degas terns 11.43 | 11.36 07} 2.70] 2.97 27 
10.75 | 10.06 69] .92] .90 02 

9.77 | 10.16 39] .94] 197 . 03 

Mine (No. 7) near Du- 11,90 | 12.11 21] 1.03] 1.12 09 

fie pea eer Cunt: 13. 66 | 13. 08 58] 1.08] 1.02 - 06 
fasccnsess 12.94] 13.12] .18} .94] .90 04 

12.36] 12.83] .47] Lal] 1.12 01 

11. 90 11.89] .01 1.00 1.01 01 

Experimental Mine (No. 6.22] 5.90] las] 125| taal ‘or 
8) at Poet aie 5.27| 5.36] :09} 1.01] tos] ‘07 

ittebur hbed. ay 5.69 | 5.91 -22| 1.24] 1.18 .06 
Be 5.77] 5.75] 02] 1.15] 1.16 O01 

Mine (No. 9) near Colver, b0| 493] liz] la] 92] ng 
Cambria County, Pa.; 5.25] 5.37] 112] ‘99] Loo] 10 
Miller bed. 5.26 05 | 97] Loz] 105 

12.66 35 | 2.44] 2.33 my 

Mine (No, 10) near Bear 13:82 o3| 216] d21| 208 
Creek, Carbon County, 08 "18 ] 1.73] 1x6 13 
Mont.; bed No. 3. 18 ‘14] 2.29] 2.27 02 

a 871 1.46] 1.43 03 

Mine (No. 11) near Wa- 19. 4 pee see eS 
shoe, Carbon County, Me: 137 | 2104] 2.02 02 
Mont.; bed No. 2. 12: 14] 203] 194 09 

10. 24] V8} 1.77 04 

Mine (No. 12) near Kirby, 9. E 2 Bs ee a 
Hot Springs County, 9. 69 83 “79 04 
Wyo.; Gebo bed. 8.8 27 RR “83 00 

4. os | .69] 70 ol 

Mine (No. 13) near Kirby, e a . a He 
Hot Springs County, rie 03 72 "74 02 
Wyo.; Crosby bed. rf 7 “a4 “74 00 

5. o7| .69) .7 02 

Mine (No. 14) near Kirby, EY ot ane nue ae 
Hot Springs County, 3 “10 “30 “50 00 
Wyo.; pillar samples; 4 19 63 “61 02 
Gebo bed. 4 1o0| [56] 155 01 


my: Cries ssteple pulverized to pass through a }-inch screen, according to the standard method of the 
urean of mines 
> This result, differing so materially from corresponding results for other samples, is probably accidental, 
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_ Summaries from Table 1 follow: 


Summary of differences between samples A and B. 


Average difference in moisture content of 54 duplicate samples... 0.11 
Maximum difference in moisture content of 54 duplicate sampfes. 0.34 
Average difference in ash content of 57 duplicate samples........ 0.29 
Maximum difference in ash content of 57 duplicate samples. ..... @1.91 
Next highest difference in ash content of 57 duplicate samples... 0.82 


Summary of differences in duplicate average analyses representing each mine. 


Per cent. 
Average difference in moisture (13 mines)...........--.--------- 0.03 
Maximum difference in moisture (13 mines).............-------- 0. 16 
Average difference in ash (14 mines).................------------ 0.14 
Maximum difference in ash (14 mines)................2.-------- 0. 46 


These samples were collected and reduced by the usual method as 
described in the preceding pages. After the regular 3-pound sample 
had been transferred to the sample can, all the rejected and remaining 
parts of the gross sample were combined, thoroughly mixed, and 
again successively quartered until a second 3-pound sample was 
obtained, which was transferred to another sample can. Both 
cans were then sealed and mailed to the chemical laboratory, where 
they were analyzed separately by the usual method of the bureau 


AVERAGE DIFFERENCES IN DUPLICATE SAMPLES. 


In the 54 sets of duplicates, the average difference in moisture was 
0.11 per cent, the maximum difference being 0.34 per cent. In 
view of the high moisture content of the Illinois and Western coals 
represented by a majority of the samples analyzed, this agreement 
is excellent. 

With only one exception, the agreement of the 57 sets of duplicates 
with respect to ash and sulphur contents is satisfactory. 

The differences were largest in the samples of Illinois coal. The 
maximum difference of 1.91 per cent ash and 1.51 per cent sulphur 
in the duplicate samples from section 5 in mine No. 2 seems excep- 
tional and accidental, as the next largest difference was 0.82 per cent 
ash in section 1 from the same mine. 

Since the above table was prepared similar sampling experiments 
have been made in other coal fields and in no analysis was the varia- 
tion in ash in excess of 0.9 per cent. 


@ As this difference may have been due to accident, the next highest difference is also given. 
+ See Stanton, F. M., and Fieldner, A. C., Methods of analyzing coal and coke: Technical Paper 8, 
Bureau of Mines, 1913, 42 pp. 
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RELATION OF MINE SAMPLING TO SAMPLING OF COMMERCIAL 
SHIPMENTS. 


In sampling commercial shipments or deliveries? of coal it is 
recognized that a gross sample of 100 pounds or less should be 
pulverized to pass a quarter-inch screen before it is reduced to 
3 or 5 pounds,’ and it has been proposed that the same degree of 
pulverization should be observed in the reduction of mine samples. 
This matter has received careful consideration by the mining engineers 
and chemists of the bureau and led to the sampling experiments 
described above. Pulverizing of all the material to a quarter-inch 
diameter would greatly increase the time and labor of taking a 
sample without in any way making it more representative of the 
average coal in the mine; another section of the coal bed, perhaps 
only a few feet away, might show a much greater variation in ash 
and sulphur contents than would be indicated by a coal sample not 
finely crushed. As the real object of sampling is to obtain an average 
of the mine, rather than the precise determination of a particular 
section, it is desirable to adopt a method of sampling that will allow 
the taking of several sections in the time available. Another practice 
that renders useless a high degree of accuracy in reducing a particular 
section is incorrect rejection of bands or partings of impurities 
such as are found in nearly all coal beds. Variations in this particular 
have been found to cause much greater differences than those due to 
faulty quartering and reduction by the present method. In view 
of these considerations, which are supported by experimental data, 
it has been decided by the mining engineers of the bureau to retain 
the present method of sampling. 

In sampling coal in the mine for Government coal purchases 
or for the investigation of coal fields, the bureau engineers do not 
rely on a single sample, but collect five or more samples in different 
parts of the mine, analyze them separately, and average the results. 
In the resulting average or composite analysis, the variations due 
to errors in reducing the individual sections to 3-pound samples 
become negligible. 

This is shown in the table. In the 14 mines from which duplicate 
samples were taken, the largest difference in ash of composite 
analyses was only 0.46 per cent ash, in Mine No. 2, despite the 
fact that this mine had the abnormally large difference of 1.91 
per cent ash in one of the _-: individual sections composing the 
composite. 


a See Pope, G. S., Sampling coal deliveries, and types of Government specifications for the purchase of 
coal: Bull. 63, Bureau of Mines, 1913, p. 33. 
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RELATION OF MINE SAMPLES TO COMMERCIAL SHIP- 
MENTS. 


In drawing deductions from the mine-sample analysis in regard to 
the quality of coal shipped from the mine, due allowance must be 
made for the larger proportion of impurities that may be included 
in the commercial operation of the mine. Practically, it is impossible 
to take a mine sample from which impurities are rejected in precisely 
the same manner as is done by the miner, if for no other reason than 
that the practice of different miners varies, especially if rigid inspection 
at the tipple is not enforced. In some mines the inclusion of some 
foreign matter from the floor and roof is unavoidable. Hence the 
mine-sample analysis usually indicates a better grade of coal as 
regards ash content and heating value than is contained in the actual 
commercial shipments. The mine sample should be considered as 
representing the best coal produced under the most favorable 
conditions of mining and preparation. 

The moisture in commercial shipments that are sampled at their 
destination may be either more or less than in the mine samples, 
depending on the amount of bed moisture, the size of the coal, and - 
the weather conditions during transit. 

Coals containing 5 per cent or more of moisture tend to lose moisture 
while in transit. Slack coal usually contains more moisture than the 
mine sample. Low-moisture coals shipped in open cars may gain 
or lose moisture, depending on weather conditions.* 

The calorific value, referred to moisture-free and ash-free coal, 
samples of which have been taken from shipments at destination, 
tends to be slightly lower than in the fresh mine samples taken from 
the same mine. The deterioration is due mainly to the absorption 
of oxygen from the air by the freshly exposed surfaces of coal. The 
rate of deterioration varies with the different types of coal and 
depends on a number of factors, chief of which are: (1) Size of coal, 
(2) proportion of surface exposed to circulating air, (3) duration of 
exposure, (4) temperature and humidity. 

It is therefore difficult to assign any definite values for deterioration 
of coal while in transit. A comparison of the moisture-free and ash- 
free calorific values of a number of mine and car samples tested by 
the United States Geological Survey and the Bureau of Mines shows 
the following average differences for different types of coal: 


Average loss in moisture-free 
and ash-free calorific value 
of car sample as compared 
with that of mine sample, 


Kind of coal. per cent. 
Semibituminous, New River and Pocahontas................------.---. 0.1 
Bituminous, Appalachian field................-.---2-2-+---2-2---2----+-- 3 
Bituminous, Illinois, Indiana, and Missouri...-.............2-2------- .8 
Subbituminous and lignite ..............-- Se erate eee Pee ae 1.3 


« For a comparison of the moisture, ash, and sulphur contents of mine and car camples tested at the 
United States fuel-testing plant, St. Louis, Mo., see Burrows, J. 8., The importance of uniform and sys- 
tematic coal-mine sampling: U.S. Geol. Survey Bull. 316, 1907, pp. 490-560. 
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There are, however, frequent deviations of over 1 per cent from 
the above averages in individual instances, which may be explained 
in part by the errors involved in computing the determined calorific 
value to a moisture-free and ash-free basis. Such computed values 
are subject to the summation of analytical errors in the determination 
of moisture and ash contents and calorific value, as well as to devia- 
tions caused by differences between the ash as weighed and the 
inorganic constituents of the coal. The error is usually less than 1 
per cent in coal that does not vary considerably in the amount or 
character of ash and sulphur.¢ The variation in ash should be less 
than 10 per cent, and that of sulphur less than 3 per cent. 


METHODS OF ANALYSIS. 


The methods of analysis and details of apparatus used by the 
Bureau of Mines in analyzing coal are fully described in Technical 
Paper 8. A brief summary of these methods with some recent 
changes in minor details is given in this paper, in order to aid in inter- 
preting the notes and experimental data on sampling and analysis. 


PREPARATION OF LABORATORY SAMPLES. 


Immediately after the sealed 3-pound can in which the sample is 
received at the laboratory has been opened its contents are trans- 
ferred to a weighed sheet-metal pan, spread out to a depth of 1 inch, 
and at once weighed. The pan containing the sample is placed in a 
large drying oven in which a temperature of 30° to 35° C. is maintained. 
Through this oven a current of warm air is drawn by means of an 
ordinary desk fan mounted on top of it. 

The sample is thus dried until the loss in weight between two 
successive weighings, made 6 to 12 hours apart, does not exceed 0.5 
per cent. The total loss of weight is reported as “‘air-drying loss.’’ 

Immediately after the last weighing has been made, the entire 
sample is quickly pulverized to 10-mesh size by being passed through 
a roll crusher. After having been mixed, the 10-mesh material is 
reduced with a riffle sampler to 500 grams. This 500-gram part is at 
once transferred to the porcelain jar of an Abbe ball mill, which is 
sealed air-tight and rotated at the rate of 60 revolutions per minute. 

Bituminous coals require from one-quarter to one-half an hour, 
and anthracite one to three hours, of rotation to become pulverized 
to 60-mesh size. 


a For data on deterioration of coal see Porter, H. C., and Ovitz, F. K., Deterioration and spontaneous 
combustion of coal in storage, a preliminary report: Technical Paper 16, Bureau of Mines, 1912, 14 pp.; 
The escape of gas from coal: Technical Paper 2, Bureau of Mines, 1911, 14 pp., 1 fig.; Parr, S. W., and 
Wheeler, W. F., The weathering of coal: Univ. of Ill. Eng. Exp. Station Bull. 38, 1909. 
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The contents of the porcelain jar are emptied on a one-half-inch 
screen, which is vigorously shaken a moment to detach the coal from 
the pebbles. Thesample is then reduced to the final laboratory sample 
of approximately 60 grams by successive halvings with a small riffle 
sampler. All of the final sample is put through the 60-mesh sieve 
and at once transferred to a 4-ounce wide-mouthed bottle, which is 
securely closed with a well-fitting rubber stopper. To minimize 
moisture change, the sieve is kept covered while the sample is being 
sifted. Any particles of coarse material remaining on the sieve are 
carefully rubbed down to 60-mesh size on a bucking board and are 
thoroughly mixed with the sample in the bottle. To minimize 
moisture change, the mixing and reducing of the pulverized sample 
after removal from the ball mill is done with the utmost dispatch. 
The total time elapsing from the opening of the porcelain jar to the 
stoppering of the laboratory sample bottle does not exceed three 
minutes. 

All analytical determinations are made on the air-dried sample, 
which is thoroughly mixed in the bottle immediately before parts 
are weighed for analysis. 


DETERMINATION OF MOISTURE. 


The residual moisture in the air-dried sample is determined by 
heating 1 gram in a shallow porcelain capsule (a, fig. 1), seven-eighths 
of an inch deep and 1} inches in diameter, for one hour at 105° C. in 
a constant-temperature oven (figs. 1 and 2), through which acurrent of 
dry preheated air is passing at a rate sufficient to change the total 
volume of air in the oven two to four times a minute. The air is dried 
by being passed through concentrated sulphuric acid. The covered 
capsule is cooled in a desiccator over sulphuric acid and then weighed. 
The loss in weight is called “moisture at 105°” in the air-dried coal. 


ASH DETERMINATION. 


Ash is determined in the same sample on which moisture has 
previously been determined, the porcelain capsule containing the 
sample being placed in a cool muffle and the temperature being grad- 
ually raised to approximately 750° C. The ignition in the muffle is 
continued, with occasional stirring of the ash, until all particles of 
carbon have disappeared. After the capsule containing the ash has 
been cooled in a desiccator, it is weighed and ignition is repeated until 
constant weight (0.0005 gram or less) has been attained. 

The ash content as determined by this method represents the 
ignited mineral residue or “ uncorrected ash.” 
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DETERMINATION OF VOLATILE MATTER. 
APPARATUS. 


A 1-gram sample of the fine (60-mesh) coal is weighed into a bright, 
well-burnished, 10-gram (10-c. cc.) platinum crucible (a, fig. 3) with a 
close-fitting capsule cover (b, fig. 3). The crucible and contents are 
heated to a temperature of 950° C. upon a platinum or nichrome 
triangle for seven minutes in the full flame of a No. 3 Meker burner. 


FIGuRE 1.—Moisture oven. 


The gas orifice of the burner is adjusted to give a free-burning 
flame from 16 to 18 em. high. The crucible should be so placed 
in the triangle that its bottom is 2 cm. above the top of the burner. 
To protect the crucible from the effects of drafts, it is put in a sheet- 
iron chimney (fig. 3) of special design. The maximum temper- 
ature, as measured by a thermocouple whose hot junction is buried 
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in the coal and in contact with the inside surface of the bottom, 
should be 950° C. After being heated exactly seven minutes, the 
crucible is cooled and weighed. The loss in weight minus the weight 
of moisture determined at 105° C. times 100 equals the percentage of 
volatile matter. 


MODIFIED METHOD FOR SUBBITUMINOUS COAL AND LIGNITES. 


Lignites and coals high in moisture must be heated at a low tem- 
perature until all the moisture is driven out in order to avoid mechan- 
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FiGuRE 2.—Details of moisture oven. 


ical losses from material thrown out of the crucible by the rapid 
escape of steam and volatile matter. This preliminary heating for 
four to six minutes is followed by the usual 7-minutes application of 
the full flame. 

It should be clearly understood that the volatile matter does not. 
represent any definite compound in the coal. The method of deter- 


@ Lord, N. W., Experimental work conducted in the chemical laboratory of the United States fuel- 
testing plant at St. Louis, Mo.: U.S. Geol. Survey Bull. 323 (reprinted as Bull. 28, Bureau of Mines), 
pp. 6-7. 
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mination is wholly conventional, and any variation in temperature or 
rate of heating will change the amount of volatile matter determined. 

This is illustrated by the curves in figure 4, which represent 
the amount of volatile matter obtained by heating a number of 
portions-of a single sample of coal at various temperatures between 
750° C. and 1,100° C.2 This range of temperatures and consequent 
difference in volatile matter is quite likely to occur in different labor- 
atories where different kinds of gas are used or where different gas 
pressures prevail, as shown by the experiments of Fieldner and 
Davis.> Coal gas and water gas will readily produce a crucible tem- 
perature of 950° C. when supplied to the burner at a pressure of about 
2 inches of water, although changes in pressure will cause the temper- 
ature to fluctuate. Natural gas requires a larger proportion of air 


Figure 3.—Apparatus for determining volatile matter. 


for complete combustion, and for this reason should be supplied at a 
pressure of not less than 10 inches of water to a good natural-gas 
burner of the Meker type, admitting ample air; otherwise the temper- 
ature in the crucible will be less than 950° C. The Meker burner, 
which has been used by the Bureau of Mines since July 1, 1911, is 
much superior to the Bunsen burner, especially for natural gas. The 
Meker construction practically eliminates the fluctuating inner cone 
of the ordinary Bunsen flame, and thus affords a solid flame of fairly 
uniform temperature, which completely envelops the bottom and 
sides of the crucible. 


a Fieldner, A. C., and Hall, A. E., Influence of temperature on the determination of volatile matter in 
coal: Proc. 8th Int. Cong. App. Chem., vol. 10, 1912, p. 139. 

> Fieldner, A. C., and Davis, J. D., Some variations in the official method for the determinatior of vola 
tile matter in coal: Jour. Ind. Eng. Chem., vol. 2, July, 1910, p. 304. 
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USE OF PLATINUM CRUCIBLE WITH CAPSULE COVER. 


The 10-c. c. platinum crucible with capsule cover has been used for 
determinations of volatile matter at the Pittsburgh laboratory since 
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Ficuri 4.—Percentage of volatile matter from different coals at various temperatures. 
November 1, 1912. The percentage of volatile matter obtained by 
the use of the 10-c. c. crucible is slightly lower than that obtained by 
the use of the 30-c. c. crucible formerly used. In a series of 58 dif- 
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ferent bituminous coals the average of the volatile matter obtained 
with the 10-c. c. crucible with capsule cover was 0.35 per cent less 
than the average obtained with the 30-c. c. crucible. In only 3 
cases out of the 58 samples tested was the percentage of volatile 
matter obtained with the 10-c. ¢. crucible more than 1 per cent lower 
than that obtained with the 30-c. ¢. crucible. 

In the determination of volatile matter in coke or anthracite with 
the ordinary 30-c. c. crucible with flat cover the loss in weight due to 
oxidation often amounts to 1 per cent. This is due to the fact that 
there is not sufficient volatile matter in the sample to expel the 30 c. c. 
of air which is in the crucible when the heating is begun. The loss 
in weight of coke or anthracite by oxidation in the 10-c. ¢. crucible 
with capsule cover is usually less than 0.3 per cent. 


PROPER ADJUSTMENT OF HEATING APPARATUS ESSENTIAL, 


The essential point in the determination of volatile matter is to 
adjust the heating apparatus to give a crucible temperature of 
950° C. Heating in a burner flame has the advantage of surround- 
ing the crucible with flame so that very little oxygen has access 
to the sample during the determination, thus reducing the oxida- 
tion. On the other hand, the flame temperature is difficult to 
control; variations in pressure and volume causing fluctuations in 
temperature. 

If gas pressures fluctuate and a steady electric current is available 
an electric furnace affords the most uniform means of heating. The 
additional oxidation due to the lack of flame protection is small 
(about 0.1 per cent), provided a 10-c, c. platinum crucible with close- 
fitting capsule cover is used.¢ 


USE OF THE ELECTRIC FURNACE. 


Since February 26, 1913, all volatile-matter determinations at 
the Pittsburgh laboratory have been made in specially designed 
electric furnaces of the vertical type (fig. 5). Two of these furnaces 
are connected in series and are controlled by a single rheostat. A 
current of 8 to 9 amperes is required to maintain the temperature in 
each furnace at 950°C. Under these conditions the drop in potential 
across the two furnaces is 60 volts. The life of the heating element 
under daily operation has been six to eight months. A platinum- 
platinum rhodium thermocouple is permanently installed in each 
furnace and is connected to a millivoltmeter through a double-pole, 
double-throw switch. The position of the hot junction in each 
furnace is so adjusted that the direct reading in the temperature scale 


o Fieldner, A. C., and Hall, A. E., Influence of temperature on the determination of volatile matter in 
coal: Proc. 8th Int. Cong. App. Chem., vol. 10, 1912, p, 148. 
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of the millivoltmeter is the same as the maximum temperature 
attained inside the crucible as determined by another standardized 
couple whose hot junction is in contact with the bottom of the interior 
of the crucible. In making this comparison the usual platinum cover 
is replaced by one of nickel, which is perforated for admitting the 
thermocouple leads. To avoid possible contamination of the thermo- 
couple 1 gram of ignited silica or alumina is substituted for coal. 

Even though considerable effort is made to build two furnaces in 
exactly the same manner, it is usually found on connecting them in 
series that one runs 20° to 60° C, hotter than the other. The tem- 
peratures are equalized by shunting a part of the current around the 
hotter furnace, through a lamp-bank resistance. Such adjustments 
need be made only on setting up a pair of new furnaces, as practically 
no change takes place during the life of the furnaces. 


DETERMINATION OF FIXED CARBON. 


The fixed carbon is determined by calculation, and is the result 
obtained by subtracting the sum of the percentages of moisture, ash, 
and volatile matter from 100. 


SULPHUR DETERMINATION. 


Sulphur is determined by the Eschka method. <A 1.3737-gram 
part of the air-dried coal is mixed with 6 grams of Eschka mixture 
in a No, 1 porcelain crucible and gradually heated in a muffle, with 
free access of air, until all the carbon has been consumed. The 
sulphur is extracted with hot water, completely oxidized to sulphate 
with bromine water, and precipitated and weighed as barium sulphate. 


DETERMINATION OF CARBON AND HYDROGEN. 


Carbon and hydrogen are determined by the usual method of 
combustion in a current of oxygen. A 0.2-gram part of the air-dried 
coal is burned in a 25-burner combustion furnace of the Glaser type, 
or in an electrically heated furnace of the Heraeus type. Complete 
oxidation is insured by passing the products of combustion over red- 
hot copper oxide. A layer of lead chromate, following the copper 
oxide removes the sulphur. The water and carbon dioxide are ab- 
sorbed and weighed in calcium chloride and potassium hydroxide 
solution, respectively. No correction is made for carbon or hydrogen 
from inorganic matter in the coal. 


NITROGEN DETERMINATION. 


Nitrogen is determined by the Kjeldahl-Gunning method. One 
gram of the air-dried coal is digested with 30 c. c. of concentrated 
sulphuric acid, 0.5 gram of metallic mercury, and 5 grams of potas- 
sium sulphate, until the carbon has been completely oxidized and all 
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the nitrogen has been converted to ammonium sulphate. After 
dilution with water and precipitation of the mercury by the addition 
of potassium sulphide, an excess of sodium hydroxide is added and the 
ammonia determined by distillation. 


DETERMINATION OF CALORIFIC VALUE. 


The heat of combustion is determined with the bomb calorimeter. 
One gram of the air-dried coal is completely burned in compressed 
oxygen gas and the total heat evolved is absorbed in a weighed quan- 
tity of water in which the bomb is immersed. The rise in tempera- 
ture of the water is measured with a thermometer that is graduated 
in hundredths of 1° C., and can be read, by means of a telescope and 
cathetometer, to 0.002° C. 

Corrections are made for “‘radiation losses,” oxidation of nitrogen 
to aqueous nitric acid, and oxidation of sulphur dioxide to aqueous 
sulphuric acid. The calorific value obtained in this manner is the 
total heat of combustion with water vapor condensed to liquid water 
at the temperature of the calorimeter; that is, 20° to 25° C. 


INTERPRETATION AND ACCURACY OF ANALYTICAL 
P RESULTS. 


PROXIMATE ANALYSIS. 


The proximate analysis of coal originated in response to the indus- 
trial demand for laboratory tests of the relative amounts of certain 
compounds, either present in the coal or derived from it, that affect 
its use as a fuel. These compounds are grouped by the proximate 
analysis into the following three classes: (1) Water or moisture; (2) 
mineral impurities that remain in a somewhat altered condition as 
ash when the coal is burned; (3) organic or combustible matter, which 
is approximately represented by the volatile matter and fixed carbon. 


MOISTURE CONTENT. 


The moisture in coal consists of (1) extraneous moisture, which 
comes from external sources such as percolating waters trickling 
over the face of the coal bed, condensation from saturated mine air, 
or, as regards car samples, from atmospheric precipitation or water 
from washing the coal; and (2) inherent moisture, which is one of the 
products of the original vegetable matter from which the coal is 
derived. 

EXTRANEOUS MOISTURE. 


The relative amount of extraneous moisture retained by coal that 
has been exposed to water, either from rain or in washing for the 
market, depends largely on the size of the coal. Slack coal retains 
four to ten times as much superficial moisture as screened lump coal 
that has been subjected to the same conditions of exposure. 
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INHERENT MOISTURE. 


Mine samples, unless taken from a wet face, contain a relatively 
small proportion of extraneous moisture; hence the total moisture 
content reported in such samples may be considered as representing 
the inherent moisture of the coal bed. This characteristic moisture 
is fairly constant in coal from the same bed, and in the eastern half 
of the Appalachian field ranges from 2 to 4 per cent in the more impor- 
tant seams, as the Pocahontas, Sewall, Pittsburgh, Freeport, and Kit- 
tanning. In the western part of this field, especially in the Ohio dis- 
tricts, the average moisture of the different beds ranges from 4 to 10 
per cent; in the interior fields, covering parts of Indiana, Illinois, 
Towa, and Missouri, the average moisture is usually between limits of 
8 and 17 per cent. One of the important distinguishing character- 
istics of subbituminous coal and lignite is their high moisture content, 
which ranges from 12 to 30 per cent in subbituminous coal and from 
25 to 45 per cent in lignites. The loss of moisture that takes place 
when these coals are exposed to the air is accompanied by a charac- 
teristic checking and crumbling of the lumps. 


TWO KINDS OF MOISTURE NOT SHOWN BY ANALYSIS. 


The analysis does not differentiate between extraneous and inher- 
ent moisture, because in air-drying coal not only is the extraneous or 
superficial moisture removed, but also more or less of the inherent 
moisture, depending on the fineness of the coal and the humidity and 
temperature of the air. Freshly mined coal crushed to 2-inch lumps 
and exposed to circulating air at ordinary temperatures and humidi- 
ties loses moisture gradually until a state of equilibrium is reached. 
Then the coal, on continued exposure, will either gain or lose weight 
according as the humidity of the air increases or decreases; if these 
2-inch lumps are now broken down to }-inch size, more moisture is 
liberated and another equilibrium point is established, at which the 
air-dried coal contains less moisture than did the air-dried coal when 
of 2-inch size. By increasing the temperature more moisture is 
driven off for each higher temperature until at temperatures slightly 
above the boiling point of water (105° C., or 221° F.) it is considered 
that all the moisture in coal has been removed. Heating the sample 
at temperatures higher than 105° C. may remove more moisture, 
especially in subbituminous coal and lignite. However, this addi- 
tional moisture is usually considered part of the coal substance. 

It is evident, then, that there is no definite line of demarkation 
between the “air-drying loss”? and the residual moisture in air-dried 
coal. The primary reason for air-drying coal samples is to bring 
them to a condition of approximate equilibrium with the air of the 
laboratory, so that the chemical analysis may be made with the great- 
est convenience and accuracy, it being practically impossible to 
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handle a wet or moist sample of coal in the process of chemical analy- 
sis without loss of moisture. The percentage loss of weight on air- 
drying should be regarded merely as an indication of the relative 
tendency of different coals to lose moisture, after removal from the 
mine, on exposure to comparatively dry atmospheres. 

The loss of weight occurring in the second stago of drying at 105° C. 
in a current of dry air is considered equal to the moisture removed. 
This is a sufficiently close approximation for technical purposes, 
although the loss of weight is slightly less than the actual water 
expelled, on account of absorbed oxygen increasing the weight of the 
coal. Tho effect of oxidation in lowering tho results obtained for 
moisture is generally less than the unavoidable loss of moisture in 
sampling coal. 

RELATION OF MOISTURE TO COMMERCIAL VALUE OF COAL. 


The natural moisture in coal must be accepted as a necessary evil; 
it is of no value to the coal purchaser, as each per cent of water in a 
pound of coal not only displaces an equivalent weight of combustible 
but also absorbs approximately 11 B. t. u. in being heated to the 
boiling point and in being converted into water vapor at 212° F. If 
the flue gas leaves the boiler at a temperature of 600° F., 2 additional 
B. t. u. is absorbed in raising the water vapor to the flue-gas tem- 
perature, making a total of 13 B. t. u. absorbed for each per cent of 
moisture.? In the high-grade, low-moisture coals of the Appalachian 
field the loss of heating value due to moisture is seldom over 50 
B. t.u. Incoals of the subbituminous type, which have a moisture 
content of 15 to 25 per cent, the heat absorbed by evaporation of 
moisture varies from 195 to 325 B. t. u. per pound of coal. 


ASH. 


Ash is the incombustible residue left on complete combustion of 
the carbon in coal. It is derived from the inorganic matter in the 
coal, and is composed largely of compounds of silica, alumina, lime, 
and iron, together with smaller quantities of magnesia, titanium, and 
alkalicompounds. The silica, alumina, and titanic oxide are derived 
from sand, clay, shale, and ‘‘slate,” the iron oxide mainly from iron 
pyrite, and the lime and magnesia from their corresponding car- 
bonates and sulphates. 

The ash-forming constituents consist of (1) ‘‘inherent” or ‘‘in- 
trinsic” impurities that are present in an intimate mixture with the 
coal substance, and are derived either from the original vegetable 


@ Assuming: Latent heat of vaporization at 212° F. =970 B. t. ue 
Mean specific heat of water vapor from 212° to 600°=0.48 
Temperature of coal fired =60° F, 
Temperature of flue gas leaving boiler =600° F. 


Then the heat absorbed in evaporating 0.01 pound of water at 212° F.=0.01X[970+(212—60)]= 11.22 
B. t. u., and the heat absorbed in superheating the water vapor to 600° F,=0.01 x 0.48(600—212)= 1.86 B. t. u. 
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material or from external sources by sedimentation, precipitation, 
or xolic action during the process of accumulation of coal-forming 
vegetation; (2) impurities formed either during the laying down of 
the coal bed or subsequently, which occur in the form of partings, 
veins, and nodules of clay, shale, ‘‘slate,”’ pyrite, and calcite; and 
(3) impurities that become mechanically mixed with the coal in the 
process of mining, such as fragments of roof and floor. 


INHERENT IMPURITIES. 


The percentage of ash derived from the intimately mixed impurities 
may be determined by selecting a sample of clean lumps of homo- 
geneous coal, or, better, by placing the coarsely crushed coal in a solu- 
tion of calcium or zinc chloride with a specific gravity of 1.35. The 
coal will float, and the heavier extraneous impurities will sink. In 
this way a sample of clean coal may be prepared for analysis. In 
some samples the percentage of ‘‘intrinsic”’ ash is so low that the ash 
must have come exclusively from the original coal-forming vegetation. 
A notable example of coal exceptionally low in ash is found in the 
Sewell bed of West Virginia; several mine samples taken from this 
bed near Beckley, in Raleigh County, gave on analysis between 1.5 
and 2 percent ash. In other samples the intimately mixed impuri- 
ties may reach a fairly high percentage, as in bony coals, which yield 
25 to 40 per cent ash. Certain coals have deposited in their minute 
joints or cleavage planes thin flakes of calcite, gypsum, silica, or clay, 
and some have veinlets of pyrite, as certain Arkansas coals. These 
impurities are not intimately mixed with the coal substance, but yet 
can not be separated from the coal by any commercial methods of 
preparation. Microscopic crystals of pyrite are also found distributed 
to such an extent in some coals that washing produces no appreciable 
lowering of the sulphur content. 


EXTRANEOUS IMPURITIES. 


The percentage of ash derived from extraneous impurities varies 
considerably, depending on the number and size of the partings in 
the seam, the possibility of separating these from the coal, and the 
care with which the coal is mined. Impurities of this character may 
be removed to some extent by suitable methods of washing, picking, 
or screening. The ppssibility of improving the quality of coal by 
washing may be determined by the laboratory float-and-sink test 
already described. 

Coal ash as determined usually weighs less than the inorganic 
matter from which it is produced. This is due to the loss of volatile 
constituents during ignition. Shale and clay lose their water of 
hydration, the carbonates are more or less decomposed, giving off 
carbon dioxide, and the iron pyrite is changed to ferric oxide, giving 
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off sulphur dioxide, either to the atmosphere or to the free calcium 
oxide that has been formed from the carbonate. In coals containing 
calcium carbonate a large proportion of the sulphur may be retained 
in the ash as calcium sulphate. 


‘CORRECTED ASH.”’ 
PARR’S COMPUTATION. 


Parr * has proposed the following method of computing the weight 
of the inorganic matter in coals containing calcium carbonate and 
iron pyrite by aading corrections to the weight of ash obtained by 
ignition. The sample is ignited in the usual manner in a muffle at 
700° to 750° C. until all the carbon is consumed. After the burned 
sample has cooled, the ash is moistened with a few drops of sulphuric 
acid (1:1) and again heated at 750° C. for three to five minutes. The 
capsule is then cooled and weighed. All of the calcium originally 
present in the coal as carbonate and partly changed to oxide and 
sulphate during the first ignition is now present as calcium sulphate. 
The weight of this ash is corrected for the calcium sulphate formed 
by subtracting from the ash as weighed three times the weight of 
carbon present as carbonate in the unburned coal. Carbon present 
as carbonate is determined by treating 5 grams of the powdered coal 
with dilute hydrochloric acid and collecting the carbon dioxide 

evolved. 

A second correction is then made for loss of weight due to the 
oxidation of 120 parts of pyrite to 80 parts of ferric oxide for each 
64 parts of pyritic sulphur in the coal. This correction is made by 
adding five-eighths of the weight of the sulphur in the coal to the 
weight of ash corrected for carbonates in the manner described above. 

A further correction is then made for the loss of water of hydration 
of clay, shale, etc. This loss is assumed to be 8 per cent of the ash, 
exclusive of calcium sulphate formed from calcium carbonate and 
ferric oxide resulting from iron pyrite. 

The above method of obtaining ‘‘corrected ash” may be stated in 
formula form as follows: 


Corrected ash= Ash, -30,47> 8 10.08 [ Asn, — +) 


which simplifies to 


Corrected ash=1.08 ash, =a Se 


where ash, =percentage of ash as weighed after ignition at 750° ©. with the addition 
of sulphuric acid. 
C,=percentage of carbon occurring as carbonate in the unburned coal, 
s= pee entage of sulphur in unburned coal. 


a Parr, 8S. W., Preliminary report of committee on coal analysis: Jour. Ind. and Eng. Chem., vol. 5, 
June, 1913, p. 523, 
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ELEMENTS OF ERROR, 


The accurate determination of the amount of inorganic or mineral 
matter in coal by correcting the weight of ash for the changes that 
occur during combustion is exceedingly difficult. There are so many 
changes in weight due to oxidation and volatilization of certain con- 
stituents that any method of correction must be regarded as an 
approximation only of the actual inorganic matter, the correctness 
varying according as the disturbing influences are in accord with the 
theoretical assumptions that are made in the formula of corrections. 
The two uncertain factors in applying the above formula are (1) the 
correction for pyrite which is based on the assumption that all the 
sulphur occurs in this form; and (2) the 8 per cent factor for water 
of hydration of clayey substances. Although usually the greater 
part of the sulphur in coal is present as pyrite, it is a well-known fact 
that in many instances sulphur occurs in organic combination with 
the coal substance; in some coals, as shown by indirect evidence, as 
high as 2 per cent occurs in this form. Any sulphur that may be 
present in an oxidized form as sulphate also detracts from the accuracy 
of the corrected values. (2) The numerical value of 8 per cent for 
water of hydration, although probably representing a fair average, 
must necessarily deviate in individual cases from the actual loss due 
to hydrous constituents. The water of hydration in clays and shales 
varies from 2 to 12 per cent. 

Some coal contains ferrous carbonate, which, by the above method 
of correction, is computed as calcium carbonate, thus rendering this 
correction inaccurate. 


APPLICATION OF ‘‘CORRECTED-ASH” VALUES, 


The principal application of ‘‘corrected-ash’’ values is in ‘com- 
puting the actual coal substance or combustible matter of coal for 
comparing ultimate analyses and heating values on this basis. For 
technical purposes the uncorrected ash is reported as determined. 
In coals comparatively free from calcium carbonate, such as those of 
the Appalachian field, duplicate determinations made on the same 
powdered sample usually agree within 0.2 per cent. Illinois coals, 
which contain notable quantities of calcium carbonate and iron 
pyrite, are subject to larger variations; on ignition the calcium car- 
bonate is decomposed, and carbon dioxide is driven off either partly 
or completely, depending on the temperature and duration of the 
ignition; the iron pyrite is changed to ferric oxide, and some ot the 
sulphur combines with the lime to form calcium sulphate. In some 
instances duplicate determinations of ash in coals of this character 
have been found to vary 1 and even 2 per cent, it being impossible to 
obtain concordant results without correcting for the partial discharge 
of carbon dioxide and formation of calcium sulphate. 

In the following table are presented some results of analyses of coal 
ash which illustrate the wide variation in chemical composition. 
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80 THE SAMPLING AND ANALYSIS OF COAL. 
RELATION OF ASH CONTENT TO COAL EVALUATION. 


Next to the calorific value the ash content is the most important 
factor in the commercial evaluation of coal. The efficiency of 
combustion in the ordinary furnace decreases as the percentage of 
ash increases; the air supply is restricted and unevenly distributed; 
the fire requires more attention, and additional expense is incurred 
in disposing of the refuse from high-ash coals. 


RELATION OF ASH CONTENT TO FUSIBILITY OF COAL, 


Some coals give much trouble from the formation of clinkers. 
These clinkers are essentially slags formed from the ash or rather 
from a combination of the more fusible constituents of the ash. 
‘The composition of coal ash varies greatly, and the specimen analyses 
given above are not intended to represent the probable range of 
composition. In most ash samples the silica predominates and there- 
fore the fusing temperature decreases as the percentage of lime and 
iron increases. However, in view of the large number of factors 

“affecting the chemical composition of coal ash no close estimate of 
the fusing temperature can be made from chemical analyses. 

Coal ash, being a mechanical mixture of silica, silicates, oxides, 
and sulphates, does not have a definite melting point. When 
heated the mixture first cinters, then gradually softens into a slag, 
the viscosity of which may differ widely. The usual method of 
determining the ‘‘fusing” or ‘‘softening” temperature of coal ash is 
that used by the metallurgist in determining the formation tempera- 
tures of slags. The powdered ash is molded into the form of a 
small triangular pyramid, which is slowly heated in a furnace until 
softening has proceeded to the point where the pyramid bends over 
so that the apex touches a horizontal line through the base. The 
temperature at which the pyramid bends over is taken as the fusing 
temperature of the ash. 


VOLATILE MATTER AND FIXED CARBON. 


COMPOSITION OF VOLATILE MATTER. 


The volatile matter and fixed carbon represent approximately 
the relative proportions of gaseous and solid combustible matter 
that are obtained from coal by heating it in a closed vessel. The 
volatile matter consists chiefly of the combustible gases hydrogen, 
carbon monoxide, methane, and other hydrocarbons and some non- 
combustible gases, as carbon dioxide and water vapor. It does not 
include the water that can be removed from the coal by heating it 
at 105° C. 
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The composition of the volatile matter varies greatly in different 
types of coal. Porter* has shown that the inert or noncombusti- 
ble volatile matter varies from 4 per cent of the total volatile matter 
in Pocahontas coal to 42 per cent in the subbituminous coal of the 
Sheridan field, Wyoming. In general, the Eastern coals yield a much 
lower proportion of inert volatile matter than the coals of the interior 
and western fields. 


INFLUENCE OF TEMPERATURE ON YIELD OF VOLATILE MATTER, 


The amount and composition of the volatile matter that may be 
obtained from a given coal varies with the temperature and the 
method of heating. The influence of these factors is responsible for 
the variations that are frequently obtained in the analytical determi- 
nation of volatile matter. Failure to observe the same method of 
heat treatment in different laboratories may result in deviations of 
2 or 3 per cent in the amount of volatile matter and fixed carbon 
reported on the same sample of coal. The influence of temperature 
in causing variations of volatile matter ° is shown in figure 4. 

The figure indicates that more volatile matter is obtained at the 
higher temperatures, although the ratio between temperature and 
percentage of volatile matter varies in the different types of coal. 
The curve for anthracite is practically a straight line; the curves for 
the three bituminous coals become horizontal when the temperature 
involved is about 950° C.; the curve for Pocahontas coal has a slight 
upward inclination even for the higher temperatures. 

From the standpoint of the analyst, 950° to 1,000° C. appears to be 
the best temperature for the determination of volatile matter, as 
slight variations in temperature on the upper end of the curve pro- 
duce less deviation in results. Experience has shown that duplicate 
determinations made within these limits of temperature usually agree 
within 0.5 per cent. 


COMPOSITION OF FIXED CARBON. 


The residue of coke left in the crucible after the ash has been 
deducted is reported as ‘‘fixed carbon.” The fixed carbon does not 
represent the total carbon in the coal, as a considerable part of the 
carbon is expelled as volatile matter in combination with hydrogen 
as hydrocarbon, and with oxygen as carbon monoxide and carbon 
dioxide; furthermore, fixed carbon is not pure carbon. The carbon- 
ized residue contains, in addition to the ash-forming constituents, 
several tenths per cent of hydrogen and oxygen, from 0.4 to 1.0 per 


a Porter, H.C., and Ovitz, F. K., The volatile matter of coal: Bull. 1, Bureau of Mines, 1910, p. 28. 
b See Fieldner, A. C., and Hall, A. E., Influence of temperature on the determination of volatile matter 
in coal: 8th Int. Cong. App. Chem., vol. 10, 1912, p. 139. 
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cent nitrogen, and approximately half the sulphur that was in the 
coal. The terms ‘‘volatile matter,” or ‘volatile combustible mat- 
ter,” and ‘‘fixed carbon” do not represent definite compounds that 
existed in the coal before heating. The method of determination is 
arbitrary, and therefore results are comparable only when the tem- 
perature and rate of heating are the same. In general, the sum of the 
fixed carbon and ash may be taken as representing the relative amount: 
of coke yield from coking coals. However, the conditions under 
which the laboratory determination is made are so different from the 
commercial conditions in the manufacture of coke or gas that no close 
agreement can be expected. The slow rate of heating used in the 
industrial processes yields several per cent more coke than the labora- 
tory determination. 


SULPHUR. 


In the proximate analysis of coal the sulphur is included in the 
volatile matter, fixed carbon, and ash. If the ash contains no lime 
or alkali oxides, all the sulphur is distributed between the volatile 
matter and fixed carbon, approximately half the sulphur being 
retained by the fixed carbon and the remainder escaping with the 
volatile matter. Like the ash, sulphur is classed with the undesirable 
imrurities in coal, although it usually exists in a combustible form 
and contributes from 2,250 to 2,900 calories per gram of sulphur to 
the heating value of the coal.¢ 


FORMS OF OCCURRENCE IN COAT, 


Sulphur occurs in coal (1) as pyrite or marcasite, (2) as sulphate of 
iron, lime, and alumina, and (3) in combination with the coal sub- 
stance as organic compounds. 


PYRITE SULPHUR. 


Pyrite or marcasite is found in practically all coal; it is probably 
the most common form in which sulphur occurs, and varies greatly in 
amount. Insome coal beds lumps and bands of pyrite, or “‘sulphur,’’ 
as it is commonly called, are easily distinguished in the face of the 
bed and reach such proportions that they may to a great extent be 
removed by breaking up the lumps of coal containing them and by 
suitable methods of washing or picking. In other beds the pyrite is 
disseminated throughout the lumps of coal in veinlets or in such small 
particles that it is not practicable to get them out of the lump coal or 
even to remove them from the screenings by washing. 


a Somermeier, E. E., Forms in which sulphur occurs in coal; their calorific values and their effects upon 
the accuracy of the heating powers, calculated by Dulong’s formula: Jour. Am, Chem. Soc., vol. 26, 1904, 
p. 566. 
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BULPHATE SULPHUR, 


Sulphur combined as sulphates of iron, lime, and alumina may be 
found in weathered coal. On exposure to air, pyrite tends to absorb 
oxygen and form iron sulphate. Many Illinois coal beds show thin 
flakes of calcium sulphate or gypsum in the small joints and cleavage 
planes of the fresh, unweathered coal. Sulphur combined as sulphate 
has no heating value. 


SULPHUR AS AN ORGANIC COMPOUND, 


Next to pyritic sulphur the most prominent form of sulphur in coal 
is that which occurs in some organic combination with the coal sub- 
stance. There is no direct method of quantitatively determining the 
relative amounts of pyritic and ‘organic’? sulphur. However, as 
regards many coals, if all the sulphatesulphur and an amountof sulphur 
sufficient to form pyrite equivalent to all the iron in the coal be 
deducted from the total sulphur, there will yet remain a considerable 
amount of sulphur. This excess sulphur seems to be in some form 
of combination with the organic constituents of the coal. Practically 
nothing is known of the nature of these organic compounds. In rare 
instances free sulphur has been found in coal. 


RELATION OF SULPHUR CONTENT TO COMMERCIAL VALUE OF COAL, 


For ordinary fuel purposes sulphur in the organic form can scarcely 
be considered objectionable in itself except for the lowering of heating 
value in the coal that it displaces, and the effect of the sulphur dioxide 
discharged into the atmosphere. Pyritic sulphur is more objection- 
able, as the sulphides of iron tend to increase the clinker formation in 
the fuel bed. 

Marks? found by actual furnace tests that the addition of 3 per cent 
of pyrite (FeS,) to a nonclinkering West Virginia coal containing 6 
per cent ash produced a hard and heavy clinker, which had a strong 
tendency to cake together and stick to the grate bars, thus choking 
the draft. A similar degree of clinker formation was experienced on 
adding 2.2 per cent ferrous sulphide (FeS); 4.4 per cent ferrous sul- 
phide caused a very fusible and extremely troublesome clinker, which 
flowed over the grate bars and “froze”’ to them, thus seriously check- 
ing the draft. On the other hand, the addition of iron oxide with an 
iron content equivalent to that in the 3 per cent pyrite, produced a 
somewhat less troublesome clinker than did the pyrite. It did not 
interfere as much with maintaining a good fire. 

The tests seemed to indicate that, other things being equal, the 
sulphides of iron are more troublesome than the oxides. When 


@ Marks, L. S., The clinkering of coal; results of tests for effect of various constituents in the coal: Eng. 
News, vol. 64, 1910, pp. 623-626. 
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pyrite (FeS,) is heated at a low-red heat in the presence of insufficient 
air for oxidation, as happens in many places in a thick fuel bed, ap- 
proximately half of the sulphur is given off and ferrous sulphide of ap- 
proximately the formula FeS is formed. The ferrous sulphide, which 
melts at 1,170°C.4 may agglomerate sufficient ash to form troublesome 
clinkers before it can be oxidized to the more infusible oxide of iron. 
As such clinkers are more likely to form in a thick fuel bed under a 
condition of insufficient air for complete combustion, the clinkering 
may be reduced by carrying a thin fire with plenty of air excess, and 
by avoiding as far as possible any treatment that mixes the ash with 
the incandescent carbon. 

Pyrite distributed in small veinlets or in a a finely divided condition 
is regarded as a troublesome source of clinker? The well-distributed 
iron from the pyrite forms more or less fusible slags with the siliceous 
matter of the coal ash. The degree of fusibility depends largely 
on the proportions of iron, silica, alumina, and lime. In general, the 
fusibility varies directly as the percentage of sulphur, iron, lime, 
and magnesia, and inversely as the percentage of silica and alumina. 

A review® of the experimental data obtained in the numerous 
boiler tests made by the Bureau of Mines and the fuel-testing plant 
at St. Louis shows that sulphur in coal when present in proportions 
of more than 2 per cent increases the tendency of the coal to clinker. 
This is shown in curve No. 1, figure 6. The points in this curve are 
averages of a number of tests, the results of many individual tests 
deviated from the curve. 

In this connection it must be kept in mind that pyrite is not the 
only cause of clinker; many low-sulphur coals are equally or more 
troublesome, owing to combinations of other fluxing agents. 


ULTIMATE ANALYSIS. 


In the ultimate analysis the composition of coal is expressed in 
percentages of ash, sulphur, carbon, hydrogen, nitrogen, and oxygen. 
The sum of these constituents is taken as equal to 100 per cent. As 
there is no simple direct method for the determination of oxygen, it 
is estimated by subtracting the sum of the other five constituents 
from 100. This method throws the summation of all the errors 
incurred in the other determinations upon the oxygen. 

The determination of carbon, hydrogen, and nitrogen, although 
requiring experience and a considerable degree of analytical skill on 


a Allen, E. T., Crenshaw, J. L., Johnston, John, and Larsen, E. 8., Mineral sulphides of iron: Am. Jour. 
Sci., vol. 33, 1912, p. 169. 

b Breckinridge, L. P., A study of 400 steaming tests, made at the fuel-testing plant, St. Louis, Mo., in 
1904, 1905, and 1906: U. 8. Geol. Survey Bull. 325, 1907, p. 29. 

¢ Breckenridge, L. P., Kreisinger, Ilenry, and Ray, W. T., Steaming tests of coals and related investiga- 
tions, September 1, 1904, to December 31, 1908; Bull. 23, Bureau of Mines, 1912, p. 253. 
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the part of the chemist, is not subject to the arbitrary conditions that 
must be maintained in the proximate analysis. As the chemist is 
dealing with definite chemical elements, he should be able to duplicate 
his determinations within the following limits: Carbon, 0.3 per cent; 
hydrogen, 0.07 per cent; nitrogen, 0.05 per cent. 

It is unfortunate that no simple direct method has yet been devised 
for the determination of oxygen. The percentage of oxygen is an 
important factor in many of the problems connected with the classi- 
fication, spontaneous combustion, weathering, and inflammability 
of coal. In the present method of estimation the oxygen percentage 
is subject to an error equal to the algebraic sum of the individual 
errors incurred in the determina- 
tions of carbon, hydrogen, nitro- 


gen, sulphur, andash. The most { 
serious of these errors is due to &%¢ 
the difference in weight between #72 
the ash and the inorganic mineral 3 sy 
matter (exclusive of sulphur, ~ 5 


which is separately determined) 
as it occurs in the coal. For in- 
stance, if all the sulphur is present 
as iron pyrite, the oxygen per- 
centage will have a negative error 
equal to three-eighths of the sul- 
phur. This correction, however, 
is applicable only when the per- 
centage of pyritic sulphur is 
known, and a satisfactory method CLINKER IN REFUSE, PER CENT. 

for determining all the different FiGurE 6.—Curves showing the relation of the per- 
forms of sulphur found in coal centage of clinker in refuse to the percentage of 
is yet to be devised. Further- ‘piu m co (ayrtly demine) (Nos 
more, there are errors in the combustion space (No. 2). Figures in circles repre- 
opposite direction that tend to sent number of tests made in each group. 
compensate the error due to the oxidation of iron pyrite, notably 
the loss of certain mineral constituents like carbon dioxide from 
carbonates and the loss of water of composition from the shaly 
constituents.* Parr estimates the water of composition in Illinois 
coals at approximately 8 per cent of the ash. In coal with 10 per 
cent ash this would cause an error of +0.71 per cent in the oxygen; 
if this same coal happened to contain 2 per cent sulphur as iron 
pyrite, an additional error of —0.75 per cent would be incurred in the 
oxygen. The two errors would thus compensate to within 0.04 per 


COMBUSTION SPACE, PER CENT. 


COMBINED EFFICIENCY OF BOILER AND 


« Parr, S. W., An initial coal substance having a constant heating value: Ill. State Geol. Survey Bull.8 
1907, p. 154. 
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cent; whether the final oxygen error is positive or negative would 
depend upon the relative proportions of shale and pyrite in the coal 
and upon the quantities of carbonates of iron and lime. It is doubt- 
ful whether any generally applied method of correction would materi- 
ally increase the accuracy of the oxygen result. 

The ultimate analysis as usually made does not distinguish be- 
tween the carbon and hydrogen derived from the organic or com- 
bustible matter of the coal and the small proportion of these ele- 
ments that may be present in an incombustible form in the mineral 
impurities. Many Illinois coals, as shown by Parr,? contain 0.1 to 0.7 
per cent carbon as calcium carbonate. Most of the coal in the 
Appalachian field is comparatively free from carbonates. A small 
proportion of the hydrogen, usually from a few hundredths to about 
0.1 per cent, has its origin inthe water of composition of the clay or 
shaly material. Although corrections can be made with the aid of 
special chemical methods for the small percentages of inorganic car- 
bon, hydrogen, and oxygen, they are not necessary in ordinary 
technical analyses. 

In the consideration of an ultimate analysis it must be kept in 
mind that the hydrogen and oxygen of the moisture in the sample are 
included with the hydrogen and oxygen of the dry-coal substance. 
Usually before comparisons are made ultimate analyses are com- 
puted to a dry-coal basis, this giving the relative proportions of 
hydrogen and oxygen in the dry coal. 


AVAILABLE HYDROGEN. 


The term ‘‘available hydrogen,’’ often used in the computation of 
the calorific value of a coal from the ultimate analysis, is based on 
the assumption that all the oxygen in the coal is combined with hy- 
drogen in the proper ratio to form water. The amount of hydrogen 
thus combined and not available for producing heat is equal to one- 
eighth of the oxygen; the remainder of the hydrogen, or ‘‘available 
hydrogen,” is combined with the carbon and contributes to the 
heating value of the coal. This hypothesis is fairly well supported in 
the case of anthracite and bituminous coals by the general agreement 
of calorific values calculated from the ultimate analysis by Dulong’s 
formula, with the values determined by the bomb calorimeter. 


@ Parr, S. W., Composition of Llinois coals: Il. State Geol. Survey Bull. 16, 1910, p. 232, 
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CALORIFIC VALUE. 
DEFINITION OF UNITS. 


The calorific value of a fuel is the total quantity of heat developed 
by the complete combustion of the unit weight of fuel. In the metric 
system of measurement, which is usually used by chemists and physi- 
cists, the heat units are the gram calorie and the kilogram calorie. 
The gram calorie, or small calorie (cal.) is the amount of heat re- 
quired to raise the temperature of 1 gram of water 1° C. at 15° C., 
and the kilogram calorie, or large calorie (Cal.), is the amount of 
heat required to raise the temperature of 1 kilogram of water 1° C. 
at 15°C. 

In the English system, which is generally used by engineers, the 
heat unit is the ‘‘British thermal unit,” or B. t. u. The British ther- 
mal unit is the quantity of heat required to raise the temperature of 
1 pound of water 1° F., at 60° F. Calorific values given in calories 
per gram may be converted into British thermal units per pound by 
multiplying by 1.8, the ratio between the centigrade and Fahrenheit 
degree. The factor for converting grams to pounds does not enter 
into consideration, as the heat developed by combustion of a unit 
weight of fuel is always measured by the rise in temperature that it 
produces in an equal weight of water. 


DIRECT DETERMINATION IN BOMB CALORIMETER, 


The most accurate method of determining the total heating value 
is by combustion in a bomb calorimeter. The instrument should be 
carefully standardized by burning substances of known calorific 
value, such as the standard samples of cane sugar, naphthalene, and 
benzoic acid that are now being furnished by the Bureau of Stand- 
ards. The standardization should be conducted under exactly the 
same conditions and with the same thermometer that is used in the 
tests. The use of calibrated thermometers is essential. In care- 
fully conducted calorimetric work the probable error should not ex- 
ceed 0.3 per cent, which corresponds to about 50 B. t. u. in a high- 
grade coal. This degree of accuracy is higher than can be obtained 
in the usual methods of sampling, which oftentimes increase the 
error to 100 B. t. u. 


CALCULATION OF CALORIFIC VALUE BY DULONG’S FORMULA. 


Before the bomb calorimeter came into general use the heating 
value of a coal was frequently calculated from the ultimate analysis 
by one of Dulong’s formulas, as follows: 


: : P O 
(1) Calorific value in calories per gram=S8080C +34460(H — g) +22508. 


O 
(2) Calorific value in B, t. u. per pound=14544C + 62028(H —g) +-40508, 
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In the above formulas C, H, O, and S represent the respective pro- 
portions of carbon, hydrogen, oxygen, and sulphur. 

Aside from the fact that an ultimate analysis is more expensive 
and takes longer than a calorimetric determination, there are the 
following theoretical objections to be considered: 

(1) The heating values of the elements carbon, hydrogen, and 
sulphur, as given in the formula, have not been established with any 
great degree of accuracy. 

(2) The heating value of an element in the free state and as a 
component of a chemical compound is not necessarily the same; as 
a matter of fact it usually varies, due to absorption or evolution of 
heat in forming the compound. 

(3) The usual assumption that as regards heat development all 
the oxygen is combined with hydrogen may not be true; some of the 
oxygen may be linked with carbon. 

(4) The relative accuracy of the calculated results are subject to 
the uncertainty of the oxygen estimation. 

COMPARATIVE ANALYTICAL RESULTS. 

On the other hand, in spite of the objections just cited, there is 
fairly close agreement between the calorific values calculated by 
Dulong’s formula and those determined by the calorimeter. Lord 
and Somermeier,? in a large series of analyses of the coals of Ohio, 
found that with few exceptions the results obtained by Dulong’s 
formula were within 1 to 14 per cent of the values obtained with the 
bomb calorimeter. This degree of accuracy has also been found to 
hold true with anthracite, semibituminous, and bituminous coals of 
various parts of the United States, as shown in Table 3. 


TABLE 3.—A comparison of calorific values as determined in the bomb calorimeter and as 
calculated from the ultimate analysis by Dulong’s formula, 
[Calorific value in B. t. u. per pound= 14544C + 62028 (H —O)+40508.] 


8 
DRY PEAT, DRY BASIS. 


Proximate analysis. Calorific value. Error in 
Labo- = ; —| ealeu- 
ratory Source of sample. Waste Deter- | Caleu- | — Dif- lated 
No. Moisture.| Ash. —_ mined | lated | ference | calorific 

| B.t.u. | B.t.u. | B.t.u. | value. 

Per cent, Per cent. 

7,452 —293 = 38 

8,477 —541 — 6.0 

9,629 —656 — 6.4 

9,718 5ST — 5.7 

7, 542 —929 —11.0 

§, 600 —998 —10.4 

7,319 —813 —10.0 

7, 974 —941 —10.6 

8, 423 —716 — 7.8 

7,489 —660 —&l 

7, 606 —229 — 2.9 

7, 002 43 — 6.2 

Mean algebraic error 
PTZ SAT OS aig wef os ed sas iss can coisas ea aches est] sag Joana's [snente evinkalas sae neush — 7.4 
Mas inatimh Crrorias:.[eoecca tea epics Pex bm sac eer |cenacewents | Mesewiies [pcos eineictes —11.0 


° Bownocker, J. A., Lord, N, W.,and Somermeier, E, E., Coal; Geological Survey of Ohio, Bull. 9, ser, 
108, p. 267, 
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T..BLE 3.—A comparison of calorific values as determined in the bomb calorimeter and as 
calculated from the ultimate analysis by Dulong’s formula—Continued. 


LIGNITE “AS RECEIVED.” 


Proximate analysis. Calorific value. 
sé ee 
La 5 lcu- 
Scurce of sample. 
ratory Volatile | Deter- | Calcu- | Dit | lated 
No. Moisture.| Ash. | matter. | mined | lated | ference | “#lorific 


B.t.u. | Btu. B.t.u, | Value. 


MnO, ees aches: Per cent. | Per cent, Per cent. 
Saves saeee 4.6 25.7 6, 105 5, 785 —320 —b.2 
gee Sssetecese aL 3 4.8 25.7 6, 260 5,974 —286 —4.6 
33 'sQO0 dcaasarssesse 41.6 4.1 27.1 5, 733 5, 467 —266 —4.6 
sevedO wewicnsetaesces 38.9 6.2 27.2} 6,014] 5,843 —171 —2.5 
Laced weidesecetessek 35.3 7.7 31.8 5, 404 5, 227 -177 —3.3 
SastOs sesbcncscvess 37.5 6.1 26.8 6, 580 6, 408 -172 —2.6 
eAteGe Consies Jaslene 32.6 a as eae hand aie ae 
20 cdO eee ccceccccee- 40.4 i. ls —232 —4. 
SrdOntecod eco 39.3 5.7 24.2| 6278] 6,059] —219 —3.5 
mon tapat ees webiecene 37.7 5.5 25.8 6, 700 6, 550 —150 —2.2 
. ae ein westwas'e 40.7 a3 gs fe mart ars cee 
Z res 41.6 6 E 4 —287 ary 
14729..... forth Dakota, Mor- ’ ; 
ton County....... 36.2 8.7 29.8 6, 700 6, 559 —141 —2.1 
d 36.8 5.1 28.2 7, 204 6, 928 —276 —3.8 
42.5 9.0 23.2 5, 954 5,913 — 41 —0.7 
39.2 8.4 24.7 6, 307 6,277 — 30 —.6 
34.7 11.2 32.2 7,056 6, 849 —207 —2.9 
33.7 7.3 29.3 7,348 7, 155 —193 —2.6 
33.9 7.3 77.5| 7,497 7; 204 293 —3.9 
| ; ie 
Weed | saa saneanalee rss Se eosmatansin ehscseetas I, Soca pct See e RS SR —3.1 
eRe ERTS | emuersateyl eae SAGs dn he Peal Le th tae dates 5.4 
= ! — — P = — 
SUBBITUMINOUS COAL, ROCKY MOUNTAIN FIELD. 
= ; = == -— =. 
Colorado: 
10732..... El Paso County... 33. 13.9 26.0 6, 199 6, 237 38 0.6 
2099 26.2 6.5 29.7 8,352 8,114 —238 —2.8 
33.7 18.2 23.5 5, 506 5, 542 36 mf 
28.1 4.6 31.6 8, 350 8, 057 —293 —3.5 
27.7 10.0 26.7| 7,808 7,763 — 45 — .6 
27.9 8.3 27.1 7, 927 8; 001 74 9 
20.9 3.7 32.0 9,781 9, 673 —108 —1.1 
21.1 5.8 31.4 9, 463 9, 293 —170 —1.8 
16.8 15.0 31.4 8, 480 8,440 — 40 - .6 
23.5 5.2 35.6 | 9,050 8,719 —331 ~3.7 
22.7 3.4 32.2] 9,344 9, 221 —123 —1.3 
24.7 3.7 31.8| 9,007 8, 852 —155 —1.7 
2.6 4.6 32.5 9,218 9,030 —188 —2.0 
22.1 4.4 33.4 9, 25 8,978 —278 | —3.0 
23.5 4.9 31.2 9, 121 8, 935 — 186 | —2.0 
22.3 3.7 35.0 9,617 9,364 —253 —2.6 
23.1 3.2 31.9| 9,484 9,302 —182 -1.9 
23.4 3.6 33.6 9,392 9, 259 — 133 —1.4 
16.3 2.1 34.9| 11,153] 11,086;  — 67 = 26 
11460.....]..... on ree 13.1 3.4 35.8 | 11,619] 11,576 — 43 —.4 
| 
co hy moe ead 
in 20 samples. MiacyavassWavevehescatscoee te cual sersclp tas levees vce uelatceeyezes —1.4 
ng gy eeative | 1s 
PPrrr rere reer eee eee eee ee eee ee ee od 
Maxim * positive | x 
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TABLE 3.—A comparison of calorific values as determined in the bomb calorimeter and as 
calculated from the ultimate analysis by Dulong’s formula—Continued. 


BITUMINOUS COAL, ROCKY MOUNTAIN FIELD. 
————— ———s 


Proximate analysis. Calorific value. Error in 


ed 
Volatile | Deter- Caleu- Dif- calorific 
Moisture.| Ash. matter. | mined lated ference | value. 
B.t.u. | B.t.u. | B.t.u. 


Per cent.| Per oo Per cent. Per cent. 
10.6 36.4 9,819 9, 828 9 0.1 
9.8 ne 40.2 11, 412 11,385 —- 7 —.2 
6.5 16.2 34.5 10, 737 10, 582 —155 —-14 
2.0 17.6 27.4 12, 208 12, 166 — 42 — .3 
ad 5.9 38.1 12, 672 12, 649 —- 2B — .2 
3.0 6.9 34.8 13,714 13, 853 139 1.0 
10.3 6.5 38.3 11, 416 11, 230 — 186 —16 
3.3 15.6 32.0 12,357 12,175 —182 —-1.5 
5.4 8.6 33.0 13, 237 13, 176 — 61 —.6 
6.3 14.1 30.2 12, 145 12, 121 —- 24 —.2 
5.6 13.2 35.8 12,019 12,015 _ < 
3.3 12.3 35.7 12,757 12,773 be 
3.6 12.0 36.1 12, 623 12, 580 - 3 
10906.....| Carbon County 7.5 5.6 39.7 12, 521 12, 523 ate 
10909 [eee 5.7 7.0 40.8 12, 647 12, 605 — 4 3 
n 3.3 7.2 40.3 12, 640 12, 597 — 4 — .3 
2.5 8.6 37.3 13, 039 13,070 31 2 
3.9 12.6 37.0 12, 434 12,546 112 9 
3.8 11.5 37.7 12, 762 12,840 78 6 
5.7 5.3 37.7 12,580 12, 451 —129 -10 
soneessaes — .2 
geese 1.6 
beasts 1.0 
BITUMINOUS COAL, ILLINOIS FIELD. 
ig ar ead 
14926..... Bed No. 2......... 6.9 6.0 40.0 12, 290 12, 206 — Ss —0.7 
La Salle County: 
14923..... Bed No. 2........- 5.1 9.7 41.9 | 12,092 12, 139 47 .4 
6.8 9.5 41.0 11, 808 11, 732 — 76 — .6 
5.2 9.5 40.1 12,078 11,974 —104 —-.9 
8.4 10.3 37.5 11,313 11,302 -ill —.1 
7.8 10.7 38.5 11,324 11, 363 39 +3 
5.8 12.1 38.9 11,399 11,376 -— B — .2 
5.3 | 11.6 41.1 11,700 11,531 —169 —-1.4 
6.6 10.6 41.4 11, 637 11,529 —108 —.9 
lo 4.5 10.7 42.3 11,923 11,878 — 45 —.4 
Montgomery County: 
14704..... Bed No. 6......... 6.2 11.7 39.9 | 11,534] 11,493 — 41 os. id 
sig a aa 
14703..... " No. 6..5552022 5.9 10.2 40.7 11, 691 11,905 214 1.8 
8.4 10.8 39.6 11,122 11, 137 15 
7.9 9.1 40.7 11,527 11,515 -— 12 —.1 
9.0 10.5 40.2 11, 164 11,084 — 80 — 7 
8.0 11.0 40.2 11,322 11, 201 —121 -1.0 
14607..... Bed No. 6......-..-. 6.3 8.7 37.3 12, 299 12, 164 —135 —1.1 
5 - 6.8 8.1 33.9 12, 159 12, 049 —110 —- .9 
6.8 7.4 34.9 12, 258 12, 094 —lt4 -1.3 
14694..... ae hdres 7.2 9.5 33.0 11,902 11, 893 - 9 ol 
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Tasie 3.—A comparison of calorific values as determined in the bomb calorimeter and as 
calculated from the ultimate analysis by Dulong's formula—Continued. 


BITUMINOUS COAL, ILLINOIS FIELD—Continued. 


Proximate analysis. Calorific value. 
vs a Error in 
ratory. | sdlaunce ot tacags | fated 
ratory rce of sample. Déter: || “Gaton- Dift- a 
No. Moisture.) Ash. | boron mined | lated | ference calorie 
| o Bethit.! Bitems, | Bota.) ee 
Franklin County: Per cent.| Percent. Percent. | Per cent. 
Bed No. 6 5.3 10. 35.4 11,974 | 12,163 189 1.6 
| ee Osa cadas 6.4 7.9 .5 12,253 | 12, 256 3 -0 
sascOOiy svesctisrecu 4.6 13.2 40.0 11,749 11,936 187 1.6 
Fulton County: | 
No. 5........- 4.5 12.9 39.1 11,633 11,821 188 1.6 
eel MOSS oeaae80 5.7 12.0 38.7 11,500 11, 657 157 1.4 
Mean algebraic error | 
Br 95 DaNaD Gs. |b a ce esses] sna csseeaelsesseneade|eeodessancepesesasestsesereagss —.1 
Mexia negative 
paienleece enka ORES OFS Ss 2 TSSE6 shabs]o serve sass lacsSstgavelstevicaiess|Laaccesees 1.4 
Maximiira positive 
ESN SPIE, Prat reese el |e re SoaliSsFeeoanslceazede tes]* bec acestdlecetaeces. 1.8 
BITUMINOUS COAL, APPALACHIAN FIELD. 
Pennsylvania: 
Allegheny Coun- 
ty— 
Pittsburgh bed.. 3.3 6.4 36.2 13, 619 13, 799 180 1.3 
2.7 5.6 37.2 13, 820 13, 829 -l 
1.9 5.1 37.0 14, 008 14, 159 151 1.1 
2.4 4.7 36.7 14,058 13, 999 —- Ww —.4 
2.7 14.9 34.9 12, 325 12, 323 —- 2 0 
3.4 5.3 35.9 13, 734 13, 777 43 3 
3.2 8.5 34.6 13, 279 13, 322 43 3 
2.9 5.6 37.0 13,817 13, 921 104 8 
3.0 5.4 37.7 13, 806 13,925 119 a) 
3.1 5.8 36.8 13, 738 13, 705 — 8 — .2 
2.9 5.7 36.2 13, 761 13, 889 128 9 
2.5 10.4 30.3 13, 365 13, 450 85 -6 
3.4 7.0 41.6 13, 313 13, 279 —H# — 3 
3.1 7.6 37.8 12, 208 12,191 -17 —-.1 
1.9 8.6 35.0 13,777 13, 862 85 6 
1.5 9.2 35.9 13, 615 13, 534 — $1 — .6 
1.7 10.1 35.0 13, 462 13, 559 97 +7 
1.9 11.5 33.0 13, 151 13, 250 gg | 8 
1.6 6.6 35.4 14, 047 14,011 — 36) — .3 
3.9 7.5 35.1] 13,343} 13,370 27! 2 
5.8 6.5 34.0 13, 298 13, 408 110 | 8 
2.6 4.9 35.4 14, 202 14, 067 —135 | —1.0 
2.1 4.0 36.5 14, 447 14, 225 —222 -1L5 
3.8 9.4 37.7 12, 895 12, 841 — | —.4 
3.0 9.1 39.7 13, 11S 13, 279 161 1.2 
4.6 13.2 35.9 12, 056 12, 204 148 1.2 
3.7 9.3 37.9 12, 992 12,946 — 46 —.4 
11 16.1 26.4 12,793 12,825 32 3 
1.0 4.9 29.8 14, 647 14,742 95 6 
2.0 5.0 35.5 13, 997 13,968 | — 2% — .2 
Mean algebraic error : | 
I DO SAMO. oc hisco ceccacls oda pcece|s ac eacatle gecedessctiecssseces|ecenccses 2 
Maximum negative | | 
error in 30samples.}....... ppafsadbastesefacoaareseslagaatyestt paces inc iestgogece 1.5 
Maximum positive | | 
error in 30samples.|......-.-.|.----.---- laa cteccea th se RRaAT eal Dts Mes soe Seowatis ec ! 1.3 
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TABLE 3.—A comparison of calorific values as determined in the bomb calorimeter and as 
calculated from the ultimate analysis by Dulong’s formula—Continued. 


SEMIBITUMINOUS COAL, APPALACHIAN FIELD. 


. -Eroximste analysis. Calorific value. 
oy | 8 { sampl it Se Det Cal 
ratory ource of sample. eter- Caleu- Dif- 
No. Moisture.| Ash, | Volatile mined | lated | ference | calorific 
s ty Be | Bota) Bs t 
Per cent.| Per cent.| Per cent. 
2.7 4.6 18. 14, 560 14, 645 85 
8 6.7 20.4 14, 49 14, 537 - 12 
-8 6.3 20.8 14, 531 14, 152 
8 6.1 20.0 14, 605 14, 688 
8 7.2 22.9 14, 443 14,575 132 
8 9.1 23.9 14,040 14,116 76 
9 6.7 23.1] 14,485] 14,575 9 
° 9 8.9 18.4] 14,081] 14,157 76 
learfield County— 
“BR” hed: - 56 8 9.4 21.4 14, 14, 207 185 
8 10.9 20.4 13, 734 13, 876 142 
9 9.0 21.6 l4, 14, 198 138 
Liaise 1.0 9.1 26.1 | 13,945 | 14,038 93 
2.0 6.8 17.8 14,324 14, 504 180 
1.6 5.9 18.0 14, 508 14,598 
2.8 4.6 17.7} 14,573 | 14,663 90 
4.2 3:2 18.6 | 14,629] 14,551 =78 
3.8 3.2 18.3 14, 690 14,791 101 
tice Chante = 
oceans bed. 3.1 3.9 18.2 14, 688 14, 823 135 
Seak|easesOOe celesacececues 3.2 S27 17.0] 14,729] 14,848 119 
ie Dawei Gouiity— 
Beckley bed. ... 2.2 8.9 17.3 13,952 14,058 106 
oaecOOs a wcencccscnce 2.6 8.2 17.2 14, 006 14,137 131 
eves Gaisattares 2.2 8.4 16.4 14, 006 14,017 lL 
cas occccccsascesy 2.3 1.1 16.8 13} 5u4 13,727 213 
ita igh County— 
Beckley bed.... 3.3 4.3 19.0 14,519 14,627 108 
2.2 3.5 17.2 14, 738 14, 855 117 
3.3 3.3 17.4 14, 704 14,839 135 
3.7 2.9 17.2 14,668 | 14, 816 148 
3.0 3.1 25.7 14, 605 14,717 112 
3.0 3.8 28.0 14, 423 14,512 
2.9 2.3 25.6 14, 796 14, 854 58 
Mean algebraic error 
in 30 samples. ..... Wemete ane nesecscieseleeccoensucls eiewasate Roseessee 
Maximum negative 
error in 30 samples.]..........|. Seas sawed leswsduliccladwectsctsdltuccwasedalsaccacssse 


Maximum positive 
error in30samples.|. 


ANTHRACITE COAL. 


4.0 12.2 8.9 12, 591 12,555 —36 —0.3 
3.9 14.7 8.5 12,179 12, 231 52 4 
4.9 15.4 9.5 11, 954 12, 047 93 8 
3.2 W.4 8.0 11,939 12,020 81 7 
3.2 11.5 9.3 12,971 13, 043 72 6 
1.6 19.7 12.2 11,929 12,001 72 6 

-9 18.8 12.1 12, 227 12,416 189 1.5 
3.8 18.4 “1 ll, 11,392 59 5 
1.7 17.6 10.7 12, 136 12, 238 102 8 
2.0 17.9 8.1 11,873 11,920 47 4 
2.7 19.7 8.4 11,578 11, 662 84 7 
3.1 16.2 + 8&9 11,916 11,990 7 6 
3.0 15.1 6.4 , 038 12,125 87 7 
3.8 17.1 8.2 11,781 11,777 —4 0 
3.6 14.4 7.2 12,137 12, 222 85 7 
3.6 11.9 9.1 13, 072 13, 212 140 11 
3.4 11.5 8.5 13, 156 13, 273 117 9 
3.4 11.7 9.3 13, 120 13, 221 101 8 
3.7 13.1 9.2 12, 836 12, 870 34 3 
3.4 16.6 8.4 12, 497 12, 569 7 6 
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DISCUSSION OF ANALYTICAL RESULTS, 


One hundred and seventy-six analyses were selected at random 
from the records of the chemical laboratory without any attempt 
whatever toward selecting concordant or diverging results. Enough 
analyses were selected to obtain about 20 to 30 samples of each 
representative class of coal from the most recent lignites, through the 
range of subbituminous, bituminous, semibituminous, and anthracite 
coals of Pennsylvania. For comparison a number of peats are also 
included. 

The tabulation brings out in a striking manner the variation in the 
relation between the heating value calculated by Dulong’s formula 
and the heating value as determined in the bomb calorimeter. This 
relation is, within certain limits, characteristic of the class of coal. 
For instance, in coals low in volatile matter and oxygen, like anthra- 
cite and Pocahontas coal, the calculated value is usually from 0.3 to 
1.5 per cent greater than the determined value. In only very few 
instances is the calculated value less than the determined value; in 
the bituminous coals the calculated values vary both above and below 
the determined values, usually within limits of 1.5 per cent; in sub- 
bituminous and lignitic coals the calculated value becomes less and 
less than the determined value as the oxygen increases, the deviation 
often reaching 4 and 5 per cent; in peat the calculated results are 
rather unreliable, the results being from 3 to 11 per cent low. 

A summary of Table 3, giving the maximum, minimum, and mean 
errors in the calculated values, together with the average oxygen 
content for each class of coal moisture free and ash free, is given 
below: 


Sum of the mean algebraic, maximum positive, and maximum negative errors in the 
Satine values calculated by Dulong’s. formula, as found in groups of 20 to 80 
representative analyses of each class of coal. 


Error in calculated calorifie value, 


Oxygen in 
Pa Ae = = coal, pike 
Y of coal. 2 awit ture free 
Mean | Maximum | Maximum | and ash 
algebraic plus error minus { 
error. | } -| error, Fees 
Per cent. Per cent. Percent. | Percent, 
Peat. sok sobinst ented een tape seca convatedassene suze sae UA [encdccndeaes 11.0 34.4 
Lignite, Dakotas, Montana, and Texas................. Ae i) ee Ran 5.4 23.4 
Subbituminous, Rocky Mountain field................. =<14 0.9 3:7 1 
Bituminous, Rocky Mountain field..............-...... —0.2 1.0 1.6 10.3 
Bituminous, Illinois fleld........... ates —0.1 1.8 1.4 10.7 
Bituminous, Appalachian field ...................-.-.. +0,2 1.3 1.5 7.1 
Semibituminous, Pennsylvania and West Virginia..... +0.7 1.6 0.5 3.1 
Anthracite, Pennsylvania..........220..00-eee cece eeeee +0.6 1.5 0.3 3.1 


The progressive change in the Dulong values, with the increase in 
oxygen, is significant and points to a combination of part of the 
oxygen with carbon in highly oxygenated coals. Porter and Ovitz¢ 


@ Porter, H. C., and Ovitz, F. K., The volatile matter of coal: Bull. 1, Bureau of Mines, 1910, pp. 43, 44. 
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have already arrived at this conclusion from a consideration of data 
obtained in their studies of the volatile matter obtained by destructive 
distillation. 


CALCULATION OF CALORIFIC VALUE FROM PROXIMATE ANALYSIS. 


The calculation of calorific values by formulas depending on the 
proximate analysis is apt to give erroneous results. Such methods 
are subject to the considerable uncertainty of the fixed-carbon and 
volatile-matter determinations. Furthermore, the variable propor- 
tion of inert volatile matter, which does not contribute to the heating 
value, is not taken into consideration. 


USE OF ‘‘MOISTURE-FREE AND ASH-FREE” VALUES, 


A simple method of calculating the heating value of Appalachian 
bituminous and semibituminous coal from the same mine and seam 
is based on the constancy in heating value of the ‘‘combustible”’ or 
coal substance free from moisture and ash. 

The calorific value of a coal may be referred to a moisture-free and 
ash-free basis by dividing the calorific value as determined by 1 
minus the sum of the moisture and ash in the unit weight of fuel, 
the formula being as follows: 


Calorific value of moisture-free and ash-free 0 ah 

This so-called moisture-free and ash-free calorific value, which rep- 
resents approximately the heating power of the combustible in the 
coal, has been found fairly constant for the same coal bed over 
limited areas such as are covered by several adjacent mines. 

In Table 4 following are given some ‘‘moisture-free and ash-free”’ 
calorific values of mine samples taken by engineers of the bureau at 
different points in a number of mines in Pennsylvania. They are 
typical in showing the usual range of variation that is found in 
samples from different parts of a mine. 


TABLE 4.— Variations in ‘‘moisture-free and ash-free’’ calorific values of mine samples 
Srom the same mine. 


] 
Moisture-free 
¥ and ash-free Average | Maximum difference _ a ile 
Source of samples. Tents Eo | calorific values | calorific of individual ab i ra a ys. 
SATUPICS. 1 Of individual value. samples, ” OFAEC: 
samples, 
a ; —— = - 
Btu. | Botu | Bolu. | Percent, | B.t.u. | Percent. 
* 5 HM 
Mine near Figert, a pay 
eerie Rak | 5| 15,640 4 15,620 50 0.3 30 0.2 
tanning bed .... | 15. 
Mine near Barnes- 
boro, Cambria 
County, Pa, 5 15, 726 170 1.1 104 72 


Lower Kittan- 
ning or‘ B’’ bed. 
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TaBL7 4.— Variations in ‘‘moisture-free and ash-free’’ calorific values of mine samples 
from the same mine—Continued. 


Maximum deviation 
from average. 


GEE BA y 
ount a., 
Pittsburgh bed.. 


15,070 15,140 
15,070 15,080 
15,140 15, 140 
15,140 15,100 
15,060 15)050 


Moisture-free 
Number of and ash-free Average | Maximum difference 
Source of samples. Ee mol calorific values | calorific of individual 
amples. | of individual value. samples. 
samples, 
e B.t.u. B.t.u B.t.u Percent.) B.t.u 
Mine near Carrol- 15, 670 
ton, Cambria 15, 660 
County, Pa., 15,740 15, 712 160 1.0 108 
Lower \ Kittan: 15,670 | 
ning or “ B”’ bed . 15, 820 
15,730 | 
15, 780 
15,710 
15, 820 
Mines near Twin 15, 800 
Rocks, Cambria 15,700 | 
County, Pa., 15,770 15,770 200 1.3 120 
Lower Kittan: 15, 720 
ning or “B” bed. 15, 740 
15, 760 
15,770 
15, 750 
15, 830 
Two adjacent 
mines near Cly- ism 
aes inne 15,740 15, 70° 140 7) 90 
Lower  Kittan- 15, 650 
ning or “B” bed. 15, 700 
Mine near Beaver- 15, 741 
dale, Cambria 15, 768 
County, Pa, 5 15, 721 15, 752 51 3 31 
Lower Kittan- 15,772 
ning or ““B”’ bed. 15, 759 
Mine near El 15, 763 
Moro, Cambria 15, 862 
County, _ Pa.. 15,611 15,779 276 1.8 168 
5 
Lower Kittan- 15, 772 | 
ae or oe bed. 15, 887 | 
ie near Mason- 
town, Preston | ba 
unty, W. Va., 4 15,380 15.45 11 7 
880 | 450 0 7 70 
Eee ree 13.400 f 
Mine near Richard, 15,530 
Monongalia 15, 500 
County, W. Va., 5 15,470 | 15, 482 130 .8 82 
Ei poee. Freeport 15, 400 | 
ween Bes 15,510 
ine near Barnes- 
boro, Cambria 15,600 15,570 
County, Pa., 6 }215, 600 15, 660 15, 620 90 .6 50 
pores Freeport 15,640 15,650 
Mine near Spang- 15, 671 
ler, Cambria 15, 644 ete 
County, Pa. 9 })15,727 75" Brg 15, 673 104 7 54 
Lower Freeport 15, 623 13.705 
bed: -ovzeccee xs: 15,700 °° (0 
Mine near Hast- 15,698 15,678 
ings, Cambria 15,646 15,588 | 
County, Pa., 10 }{ 15,604 15,590 15, 635 110 ef 63 
Lower Freeport 15,655 15, 638 
bedi S275 ccescd 15,608 15, 647 | 
Mi Scan ta 
ussell County, 4 it 15,458 113 7 63 
Va.,U Ban- 15, 408 i a ‘ 
ner bee Sites 15,476 
15,140 15, 190 | 
15,170 15,110 
15,160 14,960 
Government ex- 14,930 15,030 
perimental mine 15,070 15,080 
near Bruceton, B 15,040 15,040 15, 087) 260 7 157 
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TaBLE 4.— Variations in ‘‘ moisture-free and ash-free’’ calorific values of mine samples 
from the same mine—Continued. 


on shire. A Maximum diff 
an -free Vv aximum difference 
Source of samples. | NU™DEr Of | calorific values | calorific | of individual | M@ximum deviation 
ples. | of individual ue. samples. erage. 
samples. 
B.t. u. B.t.u. B.t.u. | Percent. | B.t.u. | Percent. 
14,800 14,910 
14,890 15,040 
Twenty-seven cars 14,760 14,950 
of coal delivered 14,880 14, 880 
to testing station 14,840 14,900 
1010, to" May” i800 14,830 | 
, ay, rh 4,8 
1911, from a mine 27 14’ 920 147800 | 14,877 280 1.9 163 Ll 
near Meadow- 14,900 14,810 
lands, Washing- 14,990 14,840 
ton County, Pa., 14,880 14,880 
Pittsburgh bed. . 14,910 14,850 
14,950 14,840 
14, 900 | 
Four cars of coal | 
delivered to test- 
ing station from 
December 19, 14,560 
1910, to January, 14'040 
1911, from an- 4 14/640 | 14,618 80 5 58 4 
other mine near 14°630 | 
Meadowlands, , 
a, ashing con 
ounty a, 
Pittsburgh bed... ‘ 
Seven cars of coal 
delivered to test- 14, 750 
ing station from 14’ 680 
May, 1911, to 14’690 
July, 1911, trom 7 14,790 |} 14,743 240 1.6 uz 10 
amine near Bur- 14’ 650 vf : : 
ttstown, Wash- 14’ 750 
County, 14) 890 
Pa., Pittsburgh ’ 
DI civeseanicens 
15,18) 15,250 
15,180 15, 200 
15,190 15, 260 
15,240 15, 280 
15,190 15,250 
15,300 15, 220 
Forty-four cars of 15,170 15,210 
coal delivered to 15,290 15,210 
testing station 15,220 15, 
i 1 a toy eas 
: pril, 4 180 , 
1912) from a mine 44 1115)220 15,250 |f 15,226 200 1.3 126 “8 
near Arnold 15,190 15,180 
Westmoreland 15,220 15,190 
County, Pa., Up- 15,220 15,210 
per Freeport bed. 15,300 15, 250 
15,290 15, 250 
15,280 15,300 
15,100 15,270 
15,230 15,250 
15, 230 » 280 
15,250 15,220 
Five cars of coal 
delivered to test- 
ing station from 
November, 1911, 15, 280 
to June, 1912, 15,140 
from a mine near 5 15, 150 15, 186 140 9 wn 6 
Monongahela 15, 210 
City, Westmore- 15,150 
land County, 
Pa., Pittsburgh 
DOtlvdivacarssesd | 
Three cars of coal | 
delivered to test- | 
ing station from 
sorenee, ry 15,350 
to May , : 
from 8 e near 3 | See | 15,353 90 -6 47 3 
Greensburg , 
Westmoreland 
County, Pa., 
Pittsburgh bed.. 
Original from 
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DISCUSSION OF TABULATED DETERMINED VALUES. 


In the latter part of Table 4 are given some data on the variation 
in “‘moisture-free and ash-free” calorific values that have been found 
in car samples of coal delivered for fuel purposes to the power plant 
of the Pittsburgh experiment station. Although all of the coal in 
each set of cars grouped together is supposed to have come from the 
same mine, the cars were not loaded under the inspection of a repre- 
sentative of the bureau; also, the coal may have had more or less 
opportunity for weathering in transit to the testing station. Weather- 
ing would explain the slightly larger variations in the car samples 
compared to those in the carefully selected mine samples. 

The greatest deviation in the “ moisture-free and ash-free”’ calorific 
value of any one individual sample from the average of the mine is 
usually less than 1 per cent. In only two samples does it reach the 
maximum figure of 1.1 per cent. 

Obviously the calorific value of samples representing various ship- 
ments of coal from the same mine and seam may be calculated with an 
accuracy of about 1 per cent by multiplying the average ‘“ moisture- 
free and ash-free” calorific value of the coal by 1 minus the sum of 
the moisture and ash of the various individual samples. This method 
of calculating will not apply to weathered coals which on account of 
absorption of oxygen have lost some of their original heating value, 
or to coals that vary considerably in the character and amount of 
ash and sulphur. In most of the coals cited in Table 4 the ash 
content is less than 12 per cent and the sulphur less than 2 per cent. 

If the sulphur content is larger and more variable, as in some of the 
coals of Ohio * and Illinois, a further correction for the influence of 
sulphur should be applied. 


COMPARISON OF ‘“‘AVAILABLE”’ AND CALCULATED CALORIFIC VALUES, 


Inasmuch as coal is used principally for fuel purposes, the heating 
value is the most important factor in its commercial ovalvation. 
This value as determined in the bomb calorimeter is the total heat 
developed by complete combustion with all products cooled down to 
the temperature of the calorimeter which is approximately 20° C. 
(58° F.). In burning coal in a furnace, this ‘‘total” or “gross” 
heating value can not be realized, as a certain amount of heat is 
absorbed in the evaporation of the water and in the heating of the 
products of combustion to the temperature of the flue gas. These 
losses vary with the composition of the coal, the excess air necessary 
for complete combustion, and the temperature of the flue gas. For 
any particular set of conditions these losses may be calculated from 
the ultimate analysis and the calorific value of the fuel. The net 


a Bownocker, J. A., Lord, N. W., and Somermeier, E. E., Coal: Geol. Survey of Ohio, Bull. 9, Series 4 
1908, p. 268. 

> Parr, 8. W., The chemical composition of Illinois coals: Ill. State Geol. Survey Bull 16, 1909, 
p- 212, 
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heating value remaining after deducting these unavoidable losses 
is the ‘available calorific value” of the fuel. Different coals vary in 
the percentage of their calorific value that is available. The available 
part diminishes as the hydrogen and moisture increases, and increases 
with the percentage of carbon. Hence the available calorific values 
of anthracite and semibituminous coals approaches more nearly to 
the calorific values as determined in the calorimeter than do the 
available calorific values of subbituminous coal and lignite. As an 
illustration, the available calorific values of Pocahontas coal and 
Dakota lignite are calculated below.* 

The following values are assumed: 


Air excess =50 per cent 

Temperature of boiler room =20° C. (68° F.) 

Temperature of flue gas =300° C. (572° F.) 
Analysis of coal as received. 

Constituent. Pocahontas. Lignite. 
Hydropens' 25, ceasenecssccsasd sabicas sche teaeeuseccosals 4.23 6.89 
Carbonis 220.5008 o2h.<, cuwsnde aes nudsinnane elke tase me amaeczoes 83.28 39.34 
NitrO@ EI. 52 Reiss acisiante me's ab carceile deere Qntabegndae'vanaeaien 1.12 - 68 
OXy Pon We oot 558 eres den ete sbegs oss <<a gk cheseinsifeatesa sive 5.28 47. 22 
Sulphurssesescesscsi tes lacgassesgerehoeenores argnewswess . 58 48 
AB. 9snacccscseksge sedans Rs aee iheneae tele sAseenewscd 5. 51 5. 39 
Caloriéa 52-2 otcsarves 2g3se sancSs solos ceseiee ss cjecaeee senses 8061 3744 
Byte Wt fy a eheieweecahesce cobs sue MpreceasSSakig te oactacaee 14510 6739 


The following values are used in the computations: 
Latent heat of vaporization at 100° C. (212° F.) =539. 1 calories 


=970.4 B. t. u. 
Mean specific heat of nitrogen = 25 
Mean specific heat of carbon dioxide = .22 
Mean specific heat of water vapor = .48 
Mean specific heat of sulphur dioxide = .16 
Mean specific heat of air = 24 


Computation for Pocahontas coal. 
Latent heat=9 0.0423 X [539.1+0.52 (100—20)] =221.0 calories 
Water equivalent of products of combustion, exclusive of the nitrogen of the air, is: 
Carbon dioxide =0. 8328 11/3 <0. 22=0. 6718 


Water = .0423K 9X .48= . 1827 
Sulphur dioxide = .0058X 2X .16= .0019 
Nitrogen = .0112x .25= .0028 

. 8592 


Oxygen in air used in combustion is: 
For carbon = §X0. 8328=2. 2208 
For hydrogen =8X .0423= .3384 
For sulphur =tX .0058= .0058 


2. 5650 
Deduction for the oxygen in the fuel —. 0528 


2. 5122 


@ For explanation of this method of computing ‘available calorific values,’’ see Somermeier, E. E., Coal: 
its composition, analysis, utilization, and valuation, 1912, pp. 13-27, 
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Water equivalent of the nitrogen in the air used for combustion =3.33X0.25X 
2.5122=2.0914. 
(0.8592+-2.0914) 280=826.2 calories = sensible heat lost in products of combustion, 


Heat lost in the excess air is: 
2.51224. 330. 5=5.4389=excess air. ° 
5. 4389 <0. 24 K 280=365. 5 calories=heat lost in excess air. 


SUMMARY OF HEAT LOSSES. 
Latent heat = 221.0 calories 
Heat lost in products of combustion (includes nitrogen of air used)= 826, 2 
Heat lost in excess air 365.5 


1, 412. 7 calories 

As there are 8,061 calories in the coal as received, and as the total heat losses are 

1,412.7 calories, 82 per cent of the heating value (6,648 calories; 11,966 B. t.u.) is 
theoretically available under the above conditions. 


Computation for lignite. 


Latent heat=9 x 0.0689 x [539.1+-0.52 (100 —20)]=360.1 calories 
Water equivalent of products of combustion (exclusive of the nitrogen of the air) is: 
Carbon dioxide =0. 3934 11/3 X0. 22=0. 3173 


Water = .0689K 9X .48= .2976 
Sulphur dioxide= .0048X 2x .16= .0015 
Nitrogen = . 0068 x .25= .0017 
. 6181 
Oxygen in air used in combustion: 
For carbon =8/30.3934= 1. 0490 
For hydrogen= 8X .0689= . 5512 
For sulphur = 1X .0068= . 0068 
1. 6070 
Deduction for the oxygen in the lignite . 4722 
1.1348 
Water equivalent of the nitrogen in the air used for combustion =3.33 X 0.25 X 1.1348= 
0.9447 


(0.9447-+-0.6181) 280=437.6 calories=sensible heat lost in products of combustion. 
Excess air=1.1348 X 4.33 X0.5=2.4568 
2.4568 0.24 280=165.4 calories=sensible heat lost in excess air. 


SUMMARY OF HEAT LOSSES, 


Latent heat =360. 1 
Heat lost in products of combustion (includes nitrogen of air used)=437. 6 
Heat lost in excess air =165. 2 


963. 1 calories 

As there are 3,744 calories in the lignite, as received, and as the total heat losses 

amount to 963.1 calories, 74 per cent of the heating value (2,781 calories; 5,006 B. t. u.) 
is theoretically available under the above-described conditions. 


SAMPLING. 
IMPORTANCE OF TAKING REPRESENTATIVE SAMPLES. 


The chemist makes his analysis of a few ounces of powdered coal. 
If the analysis is to be of any value, this small sample must have a 
compostion that is an average of the entire lot of coal whose value is 
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to be established. Nonrepresentative samples are misleading and 
frequently lead to much controversy as well as to financial loss. 
Therefore, sampling should never be placed in inexperienced hands. 
Skill and training are just as important in taking and reducing 
the samples as in making the chemical analyses. The sampling of 
shipments and deliveries of coal involves special difficulties on account 
of the usual admixture of pieces of shale, bone, and other impurities 
with the lumps of coal. The mechanical methods that have been 
found satisfactory in sampling ore can not be used for the ordinary 
sizes of coal on account of destroying the value of the fuel by the 
necessary crushing. The accuracy of sampling the commercial sizes 
of coal is limited to the amount and size of the largest lumps of 
impurities and to the quantity of original sample that can be taken 
without incurring too great a cost. The accuracy of any method of 
sampling should be frequently’ tested by taking two or more inde- 
pendent samples and reducing and analyzing them separately. 
Ordinarily the sample sent to the laboratory weighs from 3 to 5 
pounds, and is pulverized to one-fourth-inch size. 


REQUIREMENTS FOR PREPARING REPRESENTATIVE LABORATORY 
SAMPLES. 


The method of preparing a suitable sample for the various analytical 
determinations that are required in coal analysis must conform as 
nearly as practicable to the following requirements: 

(1) A uniform distribution of coal and impurities must be main- 
tained throughout the process of reducing to the final powdered 
sample. This should be insured by thorough mixing between each 
dividing or quartering process, and by having due regard to the ratio 
of size of largest impurities and weight of sample as given in the 
preceding tables. 

(2) Changes in moisture during the procedure of sampling must be 
reduced to a minimum. Coal, especially when in a pulverized con- 
dition, is exceedingly susceptible to change in moisture content. 
The general tendency is loss of moisture when it is divided into 
small sizes. This loss may amount to several per cent in coal that 
has not been previously air-dried. The equilibrium point of the 
moisture in pulverized coal varies with the temperature and humidity 
of the air. Coal that has reached equilibrium with respect to moisture 
in an atmosphere of low humidity will reabsorb moisture if placed 
in an atmosphere of high humidity. Hence to reduce the loss of 
moisture to a minimum the sample received by the laboratory 
should be brought to an approximately air-dry condition before 
it is pulverized and reduced to the final sample for analysis. Further- 

@ For experimental data on moisture changes in coal samples, see Lord, N. W., Experimental work con- 


ducted in the chemical laboratory of the United States fuel-testing plant at St. Louis, Mo., Jan. 1, 1905 
to July 31, 1906; Bull. 28, Bureau of Mines, 1911, 51 pp. : 
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more, the unavoidable exposure of the sample to the air of the 
sampling room both before and after the air-drying period must be 
limited to the shortest possible time. The use of an air-tight grinding 
apparatus, such as the ball mill, is essential for the final pulverization. 
The results of a considerable number of experiments comparing the 
ball mill and bucking board at the United States fuel-testing plant 
at St. Louis showed that air-dried samples rubbed down on a bucking 
board may gain or lose moisture, depending on the extent of previous 
air drying and the humidity conditions of the sampling room.* 

(3) Due regard must be given to the tendency of coal to absorb 
oxygen and deteriorate in heating value. That appreciable quanti- 
ties of oxygen are absorbed during prolonged air drying at 35° C. 
is shown by the following experimental results obtained by H. C. 
Porter, chemist of the Bureau of Mines. 


Oxygen absorbed by 100 grams of coarsely crushed coal (as received) on exposure to air at 
35°C. 
[Coal confined in sealed bottle, the oxygen of the air being replenished intermittently as absorbed.) 
FRESH MINE SAMPLE OF BITUMINOUS COAL FROM PITTSBURGH BED. 
[Air-drying loss (usual method) =2.5 per cent.] 


Oxygen ab- jon by Oxygen ab- | Proportion by 
Days. sor at 0° C.| weight of oxy- Days. aorbed at 0° C.| weight of an: 
and 760mm, | gen absorbed, and 760 mm. | gen absorbed. 
C.c. Per cent. Cie. Per cent. 
43 0. 06 09 |... see 
tee 71 10 
3. 71 10 
He 87 13 
5 100 14 


FRESH MINE SAMPLE OF SUBBITUMINOUS COAL FROM WYOMING. 
[Air-drying loss (usual method)=14.2 per cent.) 


1 Based on analysis of air in container before and after tests. 


During the test 5.27 per cent of moisture was removed from the Wyoming coal. 

The coal in the above tests was used in the condition as received from the mine 
sampler, having been crushed by him so as to pass through a 4-inch screen. The 
sample was mailed to the laboratory in a galvanized-iron can, sealed moisture tight. 

There were two sources of error in these tests, both of which tended to lessen the 
oxygen absorption: (1) The coal was in a confined space with no circulation of air, 
so that the moisture vapor arising from the coal was not displaced by air as readily 
as in the usual air-drying process; and (2) the normal oxygen content of the air was not 
Maintained constantly, the supply of fresh oxygen being admitted only once in 24 
hours. 


a Lord, N. W., op. cit. 
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The results show, however, that the oxidation error during air drying at 35° C. may 
amount in the case of a subbituminous coal to at least 0.4 per cent in 4 days and 0. 7 
per cent in 8 days. The calorific values determined on such an air-dried sample will 
be in error to a somewhat larger extent owing to the neutralizing effect of oxygen 
on the hydrogen and carbon of the coal. 


LOSS OF MOISTURE DURING SAMPLING. 


Mine samples of coal crushed to pass a }-inch screen, and spread 
out to a depth not exceeding 1 inch, in circulating air at a tempera- 
ture of 10° C. higher than room temperature will become approxi- 
mately air dry in the following periods of time: 


Hours. 
Appalachian coals...........-.-. 2-22 22ee cece ee eee cece eee eeeeeee 8 to 24 
Illinois and similar coals...............---2-..22---0e222 eee eee eee 12 to 48 
Subbituminous coals and lignites..............--...-.----+--+----- 48 to 72 


Lignites and some subbituminous coals will continue to lose mois- 
ture over longer periods of time than given above, however, in view of 
Porter’s experiments the maximum limits above mentioned should 
not be exceeded. 

It is believed that the method now used by the bureau in prepar- 
ing samples of coal for analysis conforms as closely as practicable to 
the theoretical requirements set forth in the preceding paragraphs; 
the loss of moisture in sampling, both in the mine and in the labora- 
tory, must necessarily be small; otherwise the closely concordant 
percentages of moisture found in the duplicate mine-sample analyses 
tabulated on pages 10 and 11 could not have been obtained. The 
average difference in the moisture content of 54 duplicate samples 
is 0.11 per cent and the maximum difference is only 0.34 per cent, 
although many of the samples contained over 10 per cent moisture, 
and were affected not only by the laboratory errors but by errors in 
reducing the gross sample in the mine and possible losses in 
transit to the laboratory. The usual range of differences between 
duplicate samples, due exclusively to changes while preparing the 
laboratory samples, is shown in the following table: 

TaBLe 5.—Differences in total moisture found in duplicate laboratory samples prepared 


from the same gross sample of coal by the method of preliminary air drying and final 
pulverization in sealed ball malls. 


Moisture in coal ‘‘as received.” 
tae Me. Kind of coal. » Source of coal. 
Sample A, | Sample B. | Difference. 
Percent. | Percent, Per cent. 
16283 | Run of mine...........- Pittsburgh bed, Westmore- 1.99 1.97 0. 02 
land County, Pa. 
16296 |..... G0 ssp th naseyccgcnnlse¥e GOS acai gente s casw anaes Be 3. 46 3.62 16 
16481 | ‘Slack. 3.205.500 cse<002 Pittsburgh bed, Allegheny 2.50 2,75 05 
County, Pa. 
LGMG [23 EO. stoieedasutareked|ts 2s. Wires dassaleasseasie! 6.42 6. 29 13 
16052 | Run of mine.........-.- he No. 6, Vermilion County, 14.06 13. 87 19 
ll. 
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TaBLe 5. boot dabei in total moisture found in duplicate laboratory samples prepared 
Jrom the same gross sample of coal by the method of preliminary air drying and final 
pulverization wn sealed ball mills—Continued. 


Moisture in coal ‘‘as received.’ 


aig Kind of coal. Source of coal. 
< | Sample A. | Sample RB. | Difference. 
Percent. | Percent. | Percent. 
Hot porings County, Wyo 16. 21 15. 89 0.32 
secceeemcmes eae nfens en OOes caseaecscscsiccens 17.37 17.41 - 04 
chestpaceascewbasascacaneamez'saas 1.95 2. 02 07 
Beer rit thie et PO ee ere 2.11 2.09 - 02 
Sede ataes!ssie Ruaucesepeaearaas sac 6. 90 6.81 -09 
Pittsburgh _ bed, Allegheny 3.18 3. 23 -05 
‘a. 
3. 13 3. 27 4 
3. 21 3. 21 -00 
7.15 7.00 b 
3.35 3. 29 -06 
3.07 3.13 - 06 
6.01 5.97 04 
2.41 2. 25 -16 
10. 77 10. 63 -i4 
10.% 9. 86 4 
72 62 -10 


VERIFICATION OF ACCURACY OF LABORATORY SAMPLING. 


In order to test the accuracy of the laboratory sampling with 
respect to maintaining a representative proportion of ash and to 
check the work of the sampler, the reserve part? of the sample re- 
ceived at the laboratory is frequently reduced and analyzed. In the 
following table are tabulated the percentages of ash obtained in a 
number of such check analyses, together with the ash found in the 
original sample. These results are in no wise selected and may there- 
fore be taken as representing the degree of accuracy attained in the 
usual laboratory routine. 


TABLE 6.—Comparison of ash content in original samples and in reserve parts. 


Ash in moisture-free coal. 


Labors- Kind of coal. Source. 
tory No. wee Reserve : 
Original, part. Difference. 
Pereent. | Percent. | Percent. 
valley Courity, Mons wcsgsscils csove Ses sualsce lees setscleecsceaesces 
~----00.. errerrrr reer try 6.99 7.30 0,31 
Eis Won anisnsasicnsiecues 9.54 9.90 36 
Dawson County, Mont. 9. 24 9.33 09 
a2 }eanssOO cece csctensecinsecce 7.91 8.01 -10 
oy Wood County, N. Dak. 11.15 10. 94 21 
.| C onverse County, Wyo. 6, 42 6.35 .07 
Johnson County, Wyo. 18, 02 18.32 - 30 
dfs ate do Re 6,75 7.18 8 
Natrona County, W. eae 7.60 7.70 -10 
Sheridan County, Wyo. 5.88 6, 22 34 
OO eiceide reds chins 4.70 4. 86 16 
Uinta County, Utah. 9. 03 9.17 14 
Wasatch County, Utal { 3. 57 3.70 13 


« The sample received at the laboratory, after having been crushed to pass a 10-mesh screen, is divided 
into two parts, one part being ne pulverized in the ball mill for the regular sample, and the other part being 
placed back in the can and held in reserve, 
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TABLE 6.—Comparison of ash content in original samples and in reserve parts—Contd. 


Ash in moisture-free coal. 


Labora- Kind of coal. 


Original. gente Difference. 


Per cent. Per cent. Per cent. 
0. 02 


Wasatch County, Utah........ 7. 68 7.70 
El Peg County, Colo... 20. 77 21. 33 56 
afe se sels aeaecicusscced & 75 8.71 04 
<3 ee Islands. ....... 8.17 8.69 52 
-| Hot -psitiga COUNTY, Wyo 6,17 6, 03 14 
. 5.94 BOO ceicsssses= 
: 5. 80 5.75 > 
: 5. 43 5. 54 ell 
: 5.72 5. 46 26 
‘ 5.92 5. 66 26 
i 5.70 5. 89 19 
Z ietenesa County, Ala.. | 10,91 11.38 47 
Las Animas County, Colo... 11. 7: 11. 92 17 
Montgomery County, p | RR 11. 47 11, 45 02 
Saline County, IIl..... i 7.98 7.77 21 
Vermilion County, 12,02 12, 29 27 
1.8 11.95 12 
12.07 12, 04 03 
< 8 County, K 275 3. 04 29 
‘| Henry County, Mo.. A 16. 80 16. 78 02 
sapidleacas ao Fi 14. 26 14.23 -B 
Pan GEA: SESS ee ee 4 11. 66 11. 96 30 
Handoiph County, M - 9, 28 9.19 09 
Pittsburgh County, Okla. A 4.57 4,24 .33 
pueeueny County, "Pavsccecsse 12, 49 
.-do. ; 15. 57 
: 11.94 
a 11.96 
P 12. 50 
a 11. 95 
10. 24 
10. 29 
9. 80 
6.13 
5.92 
9. 21 
21.31 
11.24 
11.13 
10. 99 
10. 93 


thea ¢ County, Tenn. 
Carbon C ounty, Utah 
Rosell County, Va 
King County, Was! 
Pierce County, We 
W rig County, Wyo. 


do. 
Marion County, W. V = 
Marshall © ‘ounty, W.V 


12183 | Semibituminous........ Cambria County, Pa. fs suis aes 
523 do ek ped Fayette County, 
Vv 

New Riv er, Raleigh County, 
WwW - 


Hoeahonted bed, McDowell 
County, W. Va. 
Penvsy wania..5 eivs0%se55 -6tse 
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TABLE 6.—Comparison of ash content in original samples and in reserve parts—Contd. 


Ash in moisture-free coal. 


| 
Labora- | 
In Kind of coal. Source e 
tory No. | Original. gots Difference. 
js 
Per cent Percent. | Percent. 
13952 | Anthracite, No. 1 buck- | Pennsylvania...............-- 17.55 17.45 0.10 
wheat. 
17.48 17.11 37 
17.03 17.27 24 
17.02 17.21 19 
17.60 17.35 25 
17.77 17.53 24 
17.38 18.11 73 
17.30 17.33 03 
18.65 18.37 28 
wheat. 

3907 |....- OO. 2 ot esp sa saies sass chon 18.67 18.69 -02 
13909 |..... do.....- 19.13 19.00 -13 
13911 |..... do.....- 18.96 18.84 12 
13915 |..... GOs .5.55 18.11 18.43 -32 
13917 |..... do...... 18.42 18.56 14 
13919 |..... ae 17.49 17.49 -00 
13921 |..... do...... 17.71 17.68 -03 
13926 |..... Gor s3c0 17.62 17.60 -02 
13928 GOn sete gFsteesadsdelsesss 17.91 17.96 -05 


In the preceding table are given the ash percentages in 106 sets of 
duplicate samples. The average difference of ash is 0.19 per cent; 
the maximum difference is 0.73 per cent, or 5 sets of duplicates in 106 
differ more than 0.5 per cent. 


INCREASE OF ASH CONTENT DUE TO ABRASION IN BALL MILLS. 
ABRASION OF BALL-MILL PEBBLES, 


In using any apparatus for pulverizing samples the amount of con- 
tamination from abrasion of the pulverizing surfaces should always 
be investigated. Before the United States fuel-testing plant at St. 
Louis adopted the ball mill for the final grinding of coal samples, tests 
were made to determine whether there was danger of materially 
increasing the ash content of the samples through chipping and abra- 
sion of the flint pebbles used in grinding. In these tests the weight of 
the sample ground each time in the ball mill was approximately 500 
grams, and the abrasion of the pebbles (calculated as percentage of 
the weight of the samples ground) was determined from the loss in 
weight sustained by the pebbles. The results with these weighed lots 
of pebbles are shown in Table 7, following: 


TABLE 7.—Loss in weight of three lots of flint pebbles used for pulverizing coal in the ball 


milla 
Total Weight of pebbles. Loss by abrasion. 
Number of wetpht PS | ] ; 
ES ground, | samples | Before | After | ciuat, | toecul 
ground, grinding. | grinding. ground. 
Grams. Grams. Grams. Grams Per cent. 
250 125, 000 4,118.6 4,113.1 6.5 0. 004 
230 115, 000 3,502.9 3,499.4 3.5 - 003 
245 122, 500 4, 273.2 4, 268.3 4.9 - 004 


a Lord, N. W., Experimental work conducted in the chemical laboratory of the United States fuel-testing 
plant, St. Louis, Mo., Jan. 1, 1905, to July 31, 1906: Bull. 28, Bureau of Mines, 1911, p. 8. 
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The results show only 0.004 per cent increase in ash due to the 
abrasion from the pebbles. 
ABRASION OF PORCELAIN JAR OF BALL MILL. 


In order to determine the extent of abrasion from the porcelain 
jar, similar tests were made, the results being as follows: 


TABLE 8.—Loss in weight of porcelain jars used for pulverizing coal in the ball mill. 


Weight of jar— Loss by abrasion. 


Total 
Number of Weight | weight ———- 
Jar No. samples ofeach | of sam- Ratio 
ground. sample. ples Before After Actual. | to coal 


| ground. | grinding. | grinding. ground. 
| 


Grams. | Grams. | Grams. | Grams. | Grams. | Per cent. 
0. 


100 150 | — 15,000 8, 095 8, 085 0 0. 067 
100 150 | 15,000 8,317 8,314 3.0 020 
100 300 | 30,000 8,085 8,075 10.0 - 033 
100 300 | 30,000 8,314 8/310 4.0 ‘013 
30 300 9,000] 10,789] 10,788 1.0 O11 


Seemingly there is a little more abrasion from the porcelain jars 
than from the pebbles. In the experiments the same amount of 
material was abraded in grinding 150-gram samples as in grinding 
300-gram samples; hence the necessity of using large samples. Five 
hundred grams is the most desirable size and should not cause the 
ash content to be raised more than 0.04 per cent at the highest, which 
is less than the analytical error in the determination of ash, 


USE OF SUGAR TO TEST EFFECTS OF ABRASION, 


A more direct test of added ash through abrasion was made by 
placing 400 grams of ordinary granulated sugar in the mill, rotating it 
continuously for three hours, and then determining the ash in the 
sugar. The results were as follows: 


Jar No. Ash, percent. | Jar No. Ash, per cent. 
Voce Lees saisiats a BEL Jermetea nen) FOZ Os acca nesecteca nos Sods ot cbee sect 0. 04 
De Seale 6 dic Stee Sve a Sate wleale one omentes 03 | 6 = 05 
3 OF | Te stesetslnscacae acs taatasews caSeee 04 
Bod ce tomengtatid ius asc sisi wees 02: |) Briwloes case re mevatiodelntaeasseeas 01 


METHODS OF PULVERIZING COKE. 


That the ball mill is the most satisfactory appliance for pulverizing 
coke was shown by the experiments described below. Ten samples 
of a hard foundry coke weighing about 25 pounds each were crushed 
to 10-mesh size by first being passed through a chipmunk jaw crusher 
and then through a pair of steel rolls. Each sample was then mixed 
and divided with a riffle into three parts of about 8 poundseach. The 
_ first part was again put through the rolls until all of the 8 pounds 
would pass through a 20-mesh sieve, and was then mixed and reduced 
with the riffle to 150 grams, which was rubbed down to 60-mesh size 
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on a chilled cast-iron bucking board. A second 8-pound part of each 
sample was also put through the rolls again until all would pass the 
20-mesh sieve; was then rifled down to 150 grams and pulverized to 
60-mesh size in a tool-stecl diamond mortar. The third 8-pound 
part of each sample was mixed and divided on the riffle to about 300 
grams, which was then placed in the ball mill and pulverized to 
60-mesh size. Owing to the extreme hardness of this coke, four hours’ 
rotation in the ball mill was required to pulverize to 60-mesh fineness. 
After removal from the ball mill the entire sample was put through 
the 60-mesh sieve, mixed, and reduced on the riffle to about 60-gram 
size for analysis. 

All the 60-mesh samples were tested for iron with a magnet. No 
magnetic particles were found in the ball-mill sample and only a few 
in the diamond-mortar sample; the bucking-board sample showed 
the presence of considerable metallic iron. Ash determinations were 
made on each of the diamond-mortar and ball-mill samples and on 
some of the bucking-board samples. The results are shown in Table 9. 


COMPARISON OF THREE METHODS. 


With only one exception the samples pulverized in the ball mill 
contained the least ash; those from the diamond mortar, which 
crushes by impact, ranked second. Rubbing surfaces of chilled iron 
and even of chrome steel, such as are used in the bucking board and the 
disk pulverizer, are abraded by the hard particles of coke, and, there- 
fore, should never be used for the fine grinding of coke. 


TABLE 9.—Ash in coke pulverized by three different methods. 


Difference in ash found 


A Ashin P ps 
sample | Sample || sample ta 
Laboratory No. pulverized Pulverived pulverized 
with buek- diamona | W!th ball | Bucking | Diamond 
ing board. mortar, mill. board and | mortar and 
. ball mill. | ball mill. 
Per cent. Per cent. Per cent. Per cent. Per cent. 
12.9 11.8 11.5 1. 0.3 
2. -6 
2. — .2 
4. 75 
3 
-0 
1,2 
1.4 
2 
5 
. 5 
' 


CLASSIFICATION OF COAL. 


The usage of the United States Ger togical Survey has been fol- 
lowed in the classification of coal. Tl e following statement on coal 
classification is made by Campbell¢ in a recent report: 


@ Campbell, M. R., Analyses of coal samples from various fields in the United States: U.S. Geol. Survey 
Bull. 541, 1914. (In press.) 
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The classification of coal into various grades, such as bituminous, semibituminous, 
and lignite, is arbitrary and not at all satisfactory, but it is in common use in the 
United States and it seems desirable to give the class for each sample, because from 
the analysis one could not always determine this important point. The classes gen- 
erally used in the United States are as follows: Anthracite, semianthracite, semi- 
bituminous, bituminous, subbituminous, and lignite. 

Anthracite.—Anthracite coal is generally well known, but in a systematic classi- 
fication it is generally defined as a hard coal having a fuel ratio (fixed carbon divided 
by volatile matter) of not less than 10. 

Semianthracite-—Semianthracite coal has a fuel ratio ranging from 6 or 7 to 10. 
There is only a small amount of this coal in the United States. 

Semibituminous.—Semibituminous coal is of great commercial importance, but is 
not widely distributed. Its fuel ratio ranges from 3 to 6 or 7. It is the best steam 
coal in the country, and some of it can be utilized in the manufacture of coke. 

Bituminous.—Bituminous coal is the most important grade in the country and 
includes most of the coals east of the Rocky Mountains. This grade furnishes most 
of the coking coal of the country, and it is largely sold for steam raising and for domestic 
use. 

Subbituminous.—The term ‘‘subbituminous” has been adopted by the United 
States Geological Survey for what has generally been called “black lignite.’”” The 
latter term is objectionable for the reason that the coal is not lignitic in the sense 
of being woody, and the use of the term seems to imply that the coal is little better 
than the brown, woody lignite of North Dakota, whereas many of the coals of this 
class closely approach the lowest grade of bituminous coal. In fact, it is extremely 
difficult to separate this class from the one below and the one above. It is generally 
distinguished from lignite by its color and freedom from apparent woody texture 
and from bituminous coal by the slacking it undergoes when exposed to the weather. 
As the latter is an important difference in commercial use, it has been adopted by 
the Geological Survey as the criterion for the separation of subbituminous and 
bituminous coals. 

Lignite.—As used by the Geological Survey the term “‘lignite” is restricted to the 
coals that are distinctly brown and generally woody. They are intermediate in quality 
between peat and subbituminous coal. Lignite is abundant in the North in eastern 
Montana and North Dakota and in the northwest corner of South Dakota. In the 
South it is present in all of the Gulf States, but it has been developed commercially 
only.in Texas. 
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